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PLAIN METHOD 
Of determining the 


 PARALLAX of VENUS, 
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TRANSIT. over the SUN: 
And from thence 
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1 the Diſtances .of the PL ANETS bon 
p the 8 N. 1 1 


n rnigc 1" ARTICLE L. — 
Concerning parallaxes and rbeir ue in general. | 


. roaching tranſit of Venus over the Sun has jultly 


attention of Aſtronomers, as it is a pheno- 
n and as the 


planets, and their diſtances from one another, my be 


2. The parallax of the Sun, Moon, or any planet, is 


would appear if ſeen from the center of the Earth ; the apparent place, 
is at in which it appears as ſeen from the Eatth's ſurface. 

Span let ABD be the Earth (Fig. 1. of Plate I.) C its 
W e and ZXR an ar of the ſtarry heaven. To an 
obſerver at fing the Earth. to be tranſparent) the Moon will 
appear at U, 5 . referred to the ſtarry firmament : 
but at the ſame 9143 to an obſerver at A, ſhe will appear at u, 
below her true place as among the ſtars. The angle AMC is called the 
Moon's parallax, and is equal to the oppoſite angle Uu, whoſe mea- 
ſure is e celeſtial Arc Us.—The whole Earth is but a point if com- 

> RMD WAY 2 N 


| 


of the Sun and 


. bund vd eee, th wag diy fer on hin ay A 
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between its true and apparent place in he heaven, —The true place of 
any celeſtial object, referred to the ſt heaven, is that in ich it 
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pared with its diſtance from the fixed ſtars, and therefore we conſider 
the ſtars as having no parallax at all, n 
3. The gearer the Object is ta the horizop, the greater is its parallax; 
the neargg i is to the zenith, the leſs. Ih the horizon it is greateſt of 
all, in the zenith it is nothing.— Thus, let AL? be the ſenſible horizon 
of an obſerver at A; to him the Moon at L is in the horizon, and her 
parallax is the angle ALC, under which the Earth's ſemidiameter AC 


appears as ſeen from her. This angle is called the Moon's horizontal 


parallax, and is equal to the oppoſite angle TLt, whoſe meaſure is the 
arc Tin the ſtarry heaven. As the Moon riſes higher and higher to 
the points A. N, O, Pin her diurnal courſe; the parallactie Au, 
XNx, Wy diminiſh, and ſo do the arcs Uu, Xx, Hy whieh are their 
meaſures, until the Moon comes to P; and then ſhe appears in the 
zenith Z without any parallax, her place being the ſame as ſeen from 
A on the Earth's ſurface, and from C its center. | 

4. If the obſerver. at A could take the true meaſure or quantity of 
the parallactic angle ALC, he might thereby find the Moon's diſtance 
from the center of the Earth. For then, in the plain triangle LAC, 
the fide AC which is the Earth's ſemidiameter, the angle ALC 


which is the Moon's. horizontal parallax, and the right angle CAL 
would be given. Therefore, by trigonometry, As the tangent of ALC 
is to the Earth's ſemidiameter AC, ſo is radius to CL the Moon's 
diſtance from C in ſemidiameters of the Earth. Or, in logarithms, 


becauſe the 5 of unity is nothing, ſubtract the logarithmie 


tangent of from the logarithmic radius, and the remainder will 


be the logarithm of CL, the number of ſemidiameters of the Earth, 
which are equal to the Moon's diſtance from it. 


Thus, ſuppoſing the Moon's horizontal parallax ALC to be 57 18”: 
From the logarithmic radiss — 10.0000000 


Subtract the logarithmic tangent of 57 18” — 8.2218 574 


Remains the logarithm of 59.999 _ 1:7781426 
Then, 59.999 ſemidiameters of the Earth being multiplied by 4000, 


the number of miles contained in the Earth's ſemidiameter, a 239996 


miles for. the Moon's diſtance from the center of the "a 
5. But the true quantity of the Moon's'horizontal paraltax cannot be 


accurately determined by obſerving the Moon in the horizon, on account 
of the inconſtancy of the horizontal refractions, which always vary ac- 


cording to the ſtate of the atmoſphere; and, at a mean rate, elevate 
the Moon's apparent place near the horizon rather more than her 
parallax depreſſeth it. And therefore, to have her parallax more 


accurate, 


. of tha Planets. from the Sm. 5 


accurate, Aſtronomers have thought af the following method, which 
ſeems to be a very good one, but hath not yet been put in practice. 

Let two obſervers be ptaced under the fame” meridian; one in the 
northern hemiſphere, and the other in the ſouthern, at ſuch a diſtance 
from each other, that the arc of the celeftiat meridian included be- 
tween their two zeniths may be at leaſt 80 or go degrees. Let each 


obſerver take the diſtance of the Moon's center from his zenith, by - 
means of an exceeding good inftrument, at the moment of her paſting 


the meridian : add theſe two zenith-diftances'of the Moon er, 
and their exceſs above the diſtance between the two zeniths will be the 
diſtance between the two —_— places of the Moon. Then, as the 
ſum of the natural fines of the two zenith - diſtances of the Moon is to 
radius, ſo is the diſtance between her two apparent places to her 
horizontal parallax: which being wund, her es fins the Farth's 
center be found by the an mentioned in & 4. 181 

Thus, in Fig. 2. let FECY be the Earth, M the Moon, and Za an 
arc of the celeſtial meridian. Let be Vienna, whoſe latitude BY is 
489 2&' north; and C the of Good Hope, whoſe latitude EC is 


34* 30 ſouth: both which latitudes we ſuppoſe to be accurately deter- 
mined before-hand by the obſervers. As theſe two are on the 
ſame meridian EC, and in different hemif the ſum of their 


| latitudes 82% 50“ is their diſtance from each other. Z is the zenith of 
Vienna, and 2 the zenith of the Cape of Good Hape; which two zeniths 
are alſs-82* 50 diſtant from each other, in the common celeſtial meri- 
dian Zz. To the obſerver at Views, the Moon's center will appear at 
4 in the celeſtial meridian; and at the fame inftant, to the obſerver at 
the 3 it will appear at 5, Now, ſuppoſe the Moon's diſtance Za 
from the zenith of Vienna to be 381 5g”; and her diſtance 26 from 
the zenith of the Cape of Good Hupe to be 46* 417: the ſum of theſe 
two zenith-diſtances (Za + 2b) is 84 &' 34”, from which ſubtra& 
g 50”, the diſtance Z between the zeniths of theſe two places, and 
there will remain 1® 16” 34” for the arc ba, or diſtance between the two 
apparent places of the Moon's center, as ſeen from V and from C. 

hen, ſuppoſing the tabular radius to be r0000000, the natural ſine 
of 38® 1 53“ (the arc Za) is 6160816, and the natural fine of 
46* 4 41” (the arc 2b) is 7202821 : the ſum of both thefe fines is 
13 363637. Say therefore, As 13363637 is to 10000000, ſo is 
1* 16' 34”, to 57 18”, which is the Moon's horizontal parallax. 

If the two places of obſervation be not exactly under the ſame meri- 
dian, their difference of longitude muſt be accurately taken, that pro- 
per allowance may be made for the Moon's declination whilſt ſhe 

| | | | is 


6 The. method of finding the Diſtances 
pe” ogy dion the meridian of. the one to the meridian of the 
cr. 


6. The Earth's diameter, as ſeen from the Moon, ſubtends an angle 
of double the Moon's horizontal parallax ; which being ſuppoſed (as 
above) to be 57 18”, or 3438", the Earth's diameter muſt be 1 54 
36”, or 6876“. When the Moon's horizontal parallax (which is 
variable on account of the excentricity of her orbit) is 57 18”, her 
diameter ſubtends an angle of 31 2”, or 1862” : therefore, the Earth's 
diameter is to the Moon's diameter, as 6876 is to 1862; that is, as 
3-09 is to 1. | | 

And ſince the relative bulks of ſpherical bodies are as the cubes 
of their diameters, the Earth's bulk is to the Moon's bulk, as 49.4 
is to 1. | wy: | 

7. The parallax, and conſequently the diſtance and bulk, of any pri- 
mary planet, might be found in the above manner, if the planet was near 
enough to the Earth, ſo as to make the difference of its two apparent 
places ſufficiently ſenſible : but the neareſt planet is too remote for the 
accuracy required, In order therefore to determine the diſtances and 
relative bulks of the planets with any tolerable degree of preciſion, we 
muſt have recourſe to a method leſs liable to error: and this, the ap- 
proaching tranſit of Venus over the Sun's diſc will afford us. | 

8. From the time of any inferior conjunction of the Sun and Venus 
to the next, is 583 days 22 hours 7 minutes. And, if the plane of 
Venus's orbit were coincident with the plane of the ecliptic, ſhe would 
paſs directly between the Earth and the Sun at each inferior conjunction, 
and would then appear like a dark round ſpot on the Sun for about 7 hours 
and 3 quarters. But Venus's orbit (like the Moon's) only interſects the 
ecliptic in-two oppoſite points, called its Nodes. And therefore one 
half of it is on the north fide of the ecliptic, and the other on the 
fouth : on which account, Venus can never be ſeen on the Sun, but 
at thoſe inferior conjunctions which happen in or near the nodes of her 
orbit. At all others, ſhe either paſſes above or below the Sun; and her 
dark fide being then towards the Earth, ſhe is therefore inviſible.— The 
laſt time that this planet was ſeen like a ſpot on the Sun, was on the 24th 
of November old ſtyle, in the year 1639. | | 
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Showing how to find the borizontal parallax of 2 enus a: 
ober vation, and from tbence, by analogy, the parallax 
and diſtance of * N and * all the planets from 
Vun. 


9. In Fig. 4. of Plate I. let ABD' be the Earth, Vuvenus, and TSR 
the caſtern limb of the Sun. To an obſerver at B, the point ? of that 
limb will be on the meridian, its place referred to the heaven will be 
at E, and Venus will appear juſt within it at S. But, at the ſame in- 
ſtant, to an obſerver at A Venus is eaſt of the Sun, in the tight line 
AVF; the point ? of the Sun's limb appears at e in the heaven, if 
Venus was then viſible, ſhe would appear at F. The angle A the 
horizontal of Venus, w we ſeek; and is equal to the 
oppoſite angle NE, whoſe meaſure is the arc FE. ASC is the Sun's 
horizontal parallax, equal to the oppoſite angle eõ E, whoſe meaſure is 
the arc E: and FAe (the ſame as VA) is Venus's horizontal parallax 
from the Sun, which may be found by obſerving how much later in 
abſolute time her total ingreſs on the Sun is, as ſeen from A, than as 
ſeen from B, which 1s the te ſhe takes to move from J to v in her 
orbit . 

10. It appears by the tables of Venus's motion and the Sun's, that at 
the time of her enſuing tranſit, ſhe will move 4 of a degree on the 
Sun's diſc in 3 of time; and therefore the will move 4” oo a 

wy one minute of time. 

let us ſuppoſe, that A is 900 weſt of B, fo that when it is 
noon at Biit will be VI in the morning at A; that the total ingreſs as 
ſeen from B is at 1 minute paſt XII, but that as ſeen from A it is 
at 7 minutes 30 ſeconds VI: deduct 6 hours for the difference 
of meridians of A and B, 'and the remainder will be 6 minutes 
30 ſeconds for the time by which the total ingreſs of Venus on 
the Sun at & is later as en from A than, as ſeen from B: which 
time being converted into parts of a degree is 26, or the arc Fe 
of Venus's horizontal parallax Eon the Sun: for, as 1 minute of time 
is to 4 ſeconds of a degree, ſo is 6% minutes of time to 26 ſeconds of a 


4 11. Ihe 
* . 
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11. The times in which the planets perform their annual periods 
round the Sun, are already known by ion. From theſe times, 
and the univerſal 2 of gravity by which the planets are retained in 
their orbits, it is demonſtrable, that if the Earth's mean diſtance from 
the Sun be divided into 1000 equal parts, Mercury's mean diſtance from 
the Sun muſt be equal to 387 of ſuch parts; Venus's mean diftance, 923 ; 
Mars's mean diſtance, 1524; Jupiter's, 5201; and Saturn's, 9450. 
Therefore, when the mean diſtance of any planet from the Sun in 
miles is known, we can by theſe numbers find the mean diſtances in 
miles of all the reſt. 

12. At the time of the enſuing tranſit, the Earth's diſtance ſtom the 
Sun will be 1015, and Venus's diſtance from the Sun 726; which 
differences from the mean diſtances ariſe from the elliptical _— 
of the planets orbits. gubtract 726 parts from 1015, and there 
will remain 289 parts for Venus's diftance from the Earth at that 
N Divide the Sun's diſtance from the Earth 1015 by his diſtan 
from Venus 726, and the quotient will be 1.3967, which being mul 
- tiplied into Venus 's horizontal from the Sun 26", will gi 
36.3142 for her horizontal parallax as ſeen from the Earth at 4; 
is, for the angle VA, which was to be found. Then, Gnce the 
horizontal parallaxes of the celeftial bodies are inverſely as their 
diſtances from the Earth's center, As the Sun's diſtance 1015 is to 
Venus's diſtance 289, ſo is. Venus s horizontal. parallax 36, 3 142 to the 
Sun's horizontal parallax 100. 3397, on the day of the tranſi —Fhen, 
to find the Sun's — at che time f bis mean diſtance 
from the Earth's center, fay, as oo parts, the Suna mean: diſtance 
from the Earth, is to Ys diſtance from it at the time of the 
tranſit, ſo is 100.3397, his horizontal parallax at that tine, to 10 494. 
his horizontal parallax at the time of his mean diſtance from the 
14. This being found, we. haue the Sun's mean diftance- from the 
Earth's center by the following analogy. As the fine of his hurtzontal 
parallax 100.49 is to unity or the Bartha ſemidiameter, { is radius 

To prove this, let & be th (Fig. 3.) Venus, AB the Earth, C its center, 
and 4 IT The age Hes . ec — of of Venus, and A 
the horizontal parallax of the Sun, Ryt by the property of plain triangles, as the fine of 
(or of SF its ſupplement ta 3803) is to the frne of 15, ſo is 48 t A, and ſo is 
CS to CV. N. B. In all angles le, than a minute of a degree, the ſinęs, tangents, and 
arcs are ſo nearly equal, that they may without error be uſed for one another. And here 


w 17 * uſe of Gardiner's logarithmic tables, becauſe they have the fines to every ſecond 
| a egree. g 


to 


ide Planes from tbe dun. 9 
to the Sun's ditance in emidiameters of the Ban. in logarithms 


thus: | "+ 39 $3 8972 rt 74% aid 0-7 en 
401 1449 Fog K 5 5 
From the . radius 1 us 16 0000000 
Subtract the logarithmic fine, of 100 49 288872 
Remains the logarithm of 1968 53 4. 2941428 


Then, 1968 f. 3 ſemidiameters of the Earth beibg: multiplied by 
4000, the number of miles contained in the Earth's ſemidiameter, 
gives 78741200 miles for the Earth's diſtance from the Sun. 

By F 11. As 1000, the Earth's mean diſtance from the Sun in 
parts, is to 78741200, its mean diftance in miles, ſo is 387, Mer- 
cury's mean diſtance from the Sun in parts, to 36462644,"bi mean 
diſtance from the Sun in miles. And. ſt 
As 1000 is to 78741200, ſo is 723. Venus's mean Amte from 
the Sun in parts, to 56929888, her mean diſtance from the Sun in 
miles. —Likewiſe, | 1 
As icoo is to 78741200, ſo is 1524, Mart's mean diſtarice from the 

Sun in parts, to 120001 589, his mean diſtance from the Sun in 
miles. — Again, | 

As 1000 is to 78741200, ſo is 5201, | Japiter's mean hence en 
the Sun in parts, to 40953298 1, his mean en "on the Sun in 
miles. Once more, 

As 1000 is to 78741200, ſo is 9540, Saturn's mean tende Was 
the Sun in parts, to 741191048, his mean diſtance frown the Sun in 
miles. 

15. The Earth's diameter, as fon from the IF ſubtends an angle 
of 20.98 (that is, of double the Sun's horizontal parallax) at its 
mean diſtance from the Sun: and the Sun's diameter, as ſeen from the 
Earth at that time, ſubtends an angle of 32“. 2”, or 1922“. Therefore, 
the Sun's diameter is to the Earth's diameter, as 1922 is to 20:98, or as 
91.1 is to 1,—And fince the relative bulks of ſpherical bodies are as 
the cubes of their diameters, the Sun's bulk is to the Earth's bulk, as 
756058 is to 1; ſuppoſing the Sun's mean tprizontal pies to be 
10”.49, as above. 

16. It is pn by Fig, 4+ that eder eum bei at Uor at V, or in any 
other part of the right line BYS, it will make no difference in tims 
of her total ingreſs on the Sum at &, as ſeen from B; but as ſeen from 
A it will. For, if Venus be at V, her horizontal parallax from the Sun 
is the arc Fe, which meaſures the angle FAe : but if ſhe be nearer the 
Earth, as at U, her horizontal parallax from the Sun is the arc 7e, 

B | + which 
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which meaſures the angle fe; and this angle is greater than the angle 
FAe, by the difference of their meaſures F. So that, as the diſtance 
of the celeſtial object from the Earth is leſs, its parallax is the 


. 


MEESTER: ; | as 
17. To find the parallax of Venus by the above method, it is neceſ- 
fary, 1., That the difference of meridians of the two places of obſerva- 
tion be 90˙.— 2. That the time of Venus's total ingreſs on the Sun be 
when his eaſtern limb is either on the meridian of one of the places, or 
very near it.— And, 3. That each obſerver has his clock exactly regu- 
lated to the equal time at his place. But as it might perhaps be difficult 

to find two places on the Earth ſuited to the firſt and ſecond of theſe - 


a- ---- 


requiſites, we ſhall ſhew how this important problem may be ſolved by 


a ſingle obſerver, if he be exact as to his longitude, and has his clock 
truly adjuſted to the equal time at his place. | 249255 

18. That part of Venus's orbit in which ſhe will move during her 
tranſit on the Sun, may be conſidered as a ſtraight line; and therefore, 
a plane may be conceived to paſs both through it and the Earth's center. 
To every place on the Earth's ſurface cut by this plane, Venus will be 
ſeen on the Sun in4the ſame path that ſhe would deſcribe as ſeen from 
the Earth's center: and therefore, ſhe will have no parallax of latitude, 
either north or ſouth ;' but will have a greater or leſs parallax of longi- 
tude, as ſhe is more or leſs diſtant from the meridian, at any time 
during her tranſit. 4 wy 

Matura, a town and fort on the ſouth coaſt. of the iſland of Ceylon, 
will be in this plane at the time of Venus's total ingreſs on the Sun; 
and the Sun will then be 62*+ eaſt of the meridian' of that place. 
Conſequently, to an obſerver at Matura, Venus will have a conſidera- 
ble parallax of longitude; eaſtward from the Sun, when ſhe would 
appear to touch the Sun's eaſtern limb, as ſeen from the Earth's center, 
at which the Aſtronomical tables ſuppoſe the obſerver to be placed, and 
give the times as ſeen from thence. | 

19. According to theſe tables, Venus's total ingreſs on the Sun will 
be 50 minutes after VII in the morning, at Matura, ſuppoſing that 
place to be 802 eaſt. longitude from the meridian of Lenden; which is 
the obſerver's buſineſs to determine #. Let us imagine that he finds it 
to be exactly ſo, but that to him the total ingreſs is at VII hours 
$5 minutes 46 ſeconds, which is 5 minutes 46 ſeconds later than the 


* The time of tatal ingreſs at London, as ſeen from the Earth's center, is at 3o minutes 
after II in the morning; and if Matura be juſt 80% (or 5 hours 20 minutes) eaſt of 
London, when it is 30 minutes paſt II in the morning at Longer, it is 0 minutes paſt VII 
at Matura. ATE | 1 81110110 124 
= 1 | true 
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of tbe Planet from the. Sun.. 11. 


true calculated time of total ingreſs, as ſeen. from the Earth $ center. 
Then, as Venus's motion on (or towards, or from) the Sun is at the 
rate of 4 minutes of a degree in an hour, (by 8 10.) her . gud mult 
be-23”11:9f a degree in g minutes 46 ſeconds of time: and this 23. I is her 
parallax, eaſtward from her total ingreſs as ſeen from Maura, when her 
ingreſs would be total if ſeen from the Earth's center. 

20. At VII hours 50 minutes in the morning. the Sun is 62% om 
the meridian; at VI in the morning he is go* from it: therefore, as the 
fine of Ga is to the fine. of 23 's, (hi Venus's parallax from her 
true place on the Sun at VIIh $:50 minutes,) fo is radius, ot the ſine of 


go, to the ſine of 26, which is One horizontal men fam: _ 
Sun at VI. In logarithms thus: T4: 


As the logarithmic fine: of 624 + po — 9 9179889 
Is to the logarithmic fine" of '23".1 hare 588587578 | 
So is the logarithmic radius A 2 "C1 70 ? wb iche 10. 0090000 

7 99a * ein a 
To the logarithmic fine of 26” very nearly — 6,1002221 


4 7 13+ fa) ” 11 1 * 7. 


1 


Therefore, by J 13, Venus's | bprigontal parallax, as \ſeen from the 
Earth, muſt be 36.3 14a, an d the Sun's horizontal parallax. 1043397, 
if the horizontal Sacalla of Venus from the Sun be found by obſer- 
vation to be 260. If it be greater, the Sun's horizontal parallax - 
muſt be greater than 100. 3397; if leſs, the Sun's horizontal parallax 
muſt be leſs accordingly. 

21, And thus,: by a ſingle & Treo the 8 of Venus; and 
conſequently the raljax of the Sun, might be found, if we were 
ſure that the Aſtronomical tables were quite correct as to the time of 
Venus's total ingreſs' on the Sun, — But although the tables may be 
ſafely depended upon for ſhewing the true duration of the tranſit, 
which will not be quite 6 hours from the time of Venys's total ingreſs 
on the Sun's eaſtern limb, to the beginning of- her egreſs from his 
weſtern; yet they may perhaps not give the true times of theſe two in- 
ternal. contacts: like a good common clock, which though it may be 
truſted to for meaſuring a few hours of time, yet perhaps it may, not be 
quite adjuſted to the meridian of the place, and conſequently not 
true as to any one hour; which, every one knows is generally the 
caſe. Therefore, to make ſure work, the obſerver ought to. watch 
both the moment of Venus's total ingreſs on the Sun, and. her be- 
ginning of egreſs from him, ſo as to. note preciſely the time between, 
theſe two inſtants, by means of a good clock: and by comparing the 


interval at his place with the true interval ay ſeen en the Earth's 
| center, 
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center, which will be 5 hours 58 minutes, he may find the parallax of 
Venus from the Sun both at her total ingreſs and beginning © 8. | 

22. The manner of obſerving the tranſit ſhould be as follows.—The 
obſerver being provided with a good teleſcbpe, and a pendulum 
clock well. adjuſted to the reyolution of the heaven, and as near to 
the time at his place as conveniently may be; and having an affiſtant to 
watch the clock at the proper times, he muſt begin to obſerve the 
Sun's eaſtern limb through his teleſcope, twenty minutes at leaſt before 
the computed time of Venus's total ingreſs upon it,- leſt there ſhould 
be an error in the time thereof as given by the tables. 

When he perceives a dent (as it were) to be made in the Sun's limb 
by the interpoſition of the dark body of Venus, he muſt then continue 
to watch her through the teleſcope as the dent increaſes ; and his affiſtant 
muſt watch the, time ſhewn by the clock, till the whole body of the 
2 appears juſt within the Sun's limb: and the moment when the 

right limb of the Sun appears cloſe by the eaſt ſide of the dark limb 
of the planet, the obſerver, having a little hammer in his hand, ſtrikes 
a blow therewith on the table or wall; the moment of which, the ob- 
ſerver notes by the clock, and writes it down. | 

Then, let the planet paſs on for about 2 hours 59 minutes, in which 
time it will be got to the middle of its apparent path on the Sun, and con- 
ſequently will then be at its leaſt 7 diſtance from the Sun's center; 


at which time, the obſerver muſt take its diſtance frem the Sun's: 


center, by means of a good micrometer, in order to aſcertain its true 
latitude or declination from the ecliptic, and thereby find the places of 
its nodes. | bt Din ne " 

This done, there is but little occaſion to obſerve it any longer, until 
it comes ſo near the Sun's weſtern limb, as almoſt to touch it. Then 
the obſerver watches the planet carefully with his teleſcope ; and his 
aſſiſtant watches the clock, ſo as to note the preciſe moment of the- 
planet's touching the Sun's limb, which the aſſiſtant knows by the ob- 
ſerver's ſtriking a blow with his hammer, FAT 

23. Although Matura, at the time of Venus's total ingreſs on the 
Sun, will be in a plane paſſing through the Earth's center, and that part 
of Venus's orbit wherein ſhe moves during her tranſit ; yet it will be- 
conſiderably ſouth of that plane at the time when her egreſs from the Sun 
begins: and therefore, as ſeen at that time from Matura, Venus will 
have a parallax in latitude, north of her true path, as ſeen from the 
Earth's center: and this parallax will make the time of her viſible 
egreſs later, for which the obſerver muſt make proper allowance. But 
Calcutta in Bengal will be in that plane when the egreſs begins, and 

| i would 


* 
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would therefore be a very proper place to obſerve it at. So that, if the 
moment of total ingreſs was obſerved at Matura, and the beginning of 
egreſs at Calcutta, the horizontal llax of Venus from the Sun 
might be aſcertained thereby to the greateſt degree of preciſion ;, 
becauſe the obſerver at Matura would have the true parallax of Venus 
in longitude from the Sun at the beginning of the tranſit, and the 
obſerver at Calcutta would have it at the end, without being em- 
barraſſed by a parallax in latitude. But theſe circumſtances are not in- 
diſpenſably neceſſary, fince the effect of the parallax of latitude can 
| callly be calculated, and.allowed for. So that almoſt any place in the. 
Egafi-Indies will anſwer the intended purpoſe : and the more places there 
are at which obſervations are made, ſo much the better. | 

24. To thoſe places where the tranſit begins before XII at noon, and 
ends after it, Venus will have an eaſtern parallax from the Sun at the. 
beginning, and a weſtern parallax from the Sun at the end ; which will 
contract the duration of the tranſit, by cauſing it to begin later, and end 
ſooner at theſe places, than it does as ſeen from the Earth's center; 

which may be explained in the following manner. 

In Fig. 5. of Plate I. let ABM be the Earth, Y Venus, and & the 
Sun. The Earth's motion on its axis from weſt to eaſt, or in the 
direction AM, carries an obſerver on that fide contrary to the motion 
of Venus in her orbit, which is in the direction ; and will there- 
fore cauſe her motion to appear quicker on the Sun's diſc, than it would 
appear to an obſerver placed at the Earth's center C. For, if Venus was 
to ſtand ſtilt in her orbit at / for twelve hours, the obſerver on the Earth's 
ſurface would in that time be carried from A to B, through the arc 
AMB. When he was at 4, he would ſee Venus on the Sun at R; 
when at M, he would ſee her at &; and when he was at B, he would 
ſee her at T: fo that his own motion would cauſe the planet to appear 
in motion on the Sun through the line RST : which being in the direc- 
tion of her apparent motion on the Sun as ſhe moves in 
her motion will be accelerated on the Sun to this obſerver, juſt as much 
as his own motion would ſhift her apparent place on the Sun, if ſhe 
was at reſt in her orbit at J. FFP 

But as the whole duration of the tranſit, from firſt to laſt internal 
contact, will not be quite fix hours, an obſerver, who has the Sun on 


his meridian at the middle of the tranſit, will be carried only from a to 
b during the whole time thereof. And therefore, the duration will be 


much leſs contracted by his own motion, than if the planet were to 
be twelve hours in paſſing over the Sun, as ſeen from the Earth's 
center.. . | 
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2 5. The nearer Venus is to the Earth, the greater is her parallax, 


and the more will the true duration of her tranſit be contracted thereby; 
the farther ſhe is from the Earth, the contrary : ſo that the contraction 
will be in direct proportion to the parallax. Therefore, by obſerving, 
at proper places, how much the duration of the tranſit is leſs than 
its true duration at the Earth's center, where it is 5 hours 58 minutes, 
as given by the Aſtronomical tables, the parallax of Venus will be 
aſcertained. n . | 

286. The above method (5 17. & ſeg.) is much the ſame as was pre- 
{cribed long ago by Doctor HALLE V, but the calculations differ con- 
ſiderably from his; as will appear in the next article, which contains a 


. tranſlation of the Doctor's whole diſſertation on that ſubject.— He had 


not computed his own tables when he wrote it, nor had he time before 
hand to make a ſufficient number of obſervations on the motion of 
Venus, ſo as to determine whether the nodꝭs of her orbit are at reſt or 
no; and was therefore obliged to truſt to other tables, which are now 

found to be erroneous. 1 | 


ARTICLE. M. 


Containing Doctor HauLey's Diſſertation on the method of 
finding the Sun's parallax and diſtance from the Earth, 
by the tranſit of Venus over the Sun's Diſc, Fune the Gib, 
1761. Tranſlated from the Latin in Motte's Abridge- 
ment of the Philoſophical Tranſactions, Vol. I. pag. 243 ; 


with additional notes. 


There are many things exceedingly paradoxical, and that ſeem quite 
incredible to the illiterate, which yet by means of mathematical prin- 
ciples may be eafily folved. Scarce any problem will appear more 
hard and difficult, than that of determining the diſtance of the Sun 
from the Earth very near the truth : but even this, when we are 
made acquainted with ſome exact obſervations, taken at times fixed 
upon, and choſen before-hand, will without much labour be effected. 
And this is what I am now deſirous to lay before this illuſtrious ſociety *, 
(which I foretell will continue for ages) that I may explain befere-hand 
to young Aſtronomers, who may perhaps live to obſerve theſe things, 


*The Royal Society. | 1 
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the method whereby the immenſe diſtance of' the Sun may be truly 
obtained, to within a five hundredth part of what it really is. 
It is well known that the diſtance of the Sun from the Earth is by 
different Aſtronomers ſuppoſed different, according to what was judged 
molt probable from the beſt conjecture that each could form. Ptolemy 
and his followers, as alſo Copernicus and Tycho Brahe, thought it to be 
1200 ſemidiameters of the Earth: Kepler 3 500 nearly; Ricciolus dou- 
bles the diſtance mentioned by Kepler, and Hevelius only increaſes it by 
one half. But the planets Venus and Mercury having by the aſſiſtance 
of the teleſcope been ſeen in the diſc of the Sun, deprived of their 
borrowed brightneſs, it is at length found, that the apparent diame- 


ters of the planets are much leſs than they were formerly ſuppoſed ; 
and that the ſemidiameter of Venus ſeen from the Sun ſubtends no more 


than a fourth part of a minute, or fifteen ſeconds, whilſt the ſemi- 
diameter of Mercury, at its mean diſtance from the Sun, is ſeen under 
an angle only of ten ſeconds ; that the ſemidiameter of Saturn ſeen 
from the Sun appears under the ſame angle ; and that the ſemidiameter 
of Jupiter, the largeſt of all the planets, ſubt:nds an angle of no more 
than a third part of a minute at the Sun. Whence, keeping the 
proportion, ſome modern Aſtronomers have thought, that the ſemi- 
diameter of the Earth, ſeen from the Sun, would ſubtend a mean 


angle between that larger one ſubtended by Jupiter, and that ſmaller 


one ſubtended by Saturn and Mercury; and equal to that ſubtended by 
Venus (namely, fifteen ſeconds) : and have thence concluded, that the 
Sun is diſtant from the Earth almoſt 14000 of the Earth's ſemidiameters. 
But the ſame authors have on another account ſomewhat increaſed this 
diſtance : for, inaſmuch as the Moon's diameter is alittle more than a 
fourth part of the diameter of the Earth, if the Sun's parallax ſhould 
be ſuppoſed fifteen ſeconds, it would follow, that the body of the Moon 
is larger than that of Mercury; that is, that a ſecondary planet would 
be greater than a primary, which would ſeem inconſiſtent with the 
uniformity of the mundane ſyſtem. And on the contrary, the ſame 
regularity and uniformity ſeems ſcarcely to admit, that Venus, an in- 
ferior planet, that has no ſatellite, ſhould be greater than our Earth, 


which ſtands higher in the ſyſtem, and has ſuch a ſplendid attendant. 


Therefore, to obſerve a mean, let us ſuppoſe the ſemidiameter of the 
Earth ſeen from the Sun, or, which is the ſame thing, the Sun's hori- 
zontal parallax, to be twelve ſeconds and a half; 1 to which, 
the Moon will be leſs than Mercury, and the Earth larger t 

and the Sun's diſtance from the Earth will come out nearly 16500 of 
the Earth's ſemidiameters. This diſtance I aſſent to at preſent, as the 
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true one, till it ſhall become certain what it is, by the experiment 
which I propoſe, Nor am I induced to alter my opinion by the au- 
thority of thoſe (however weighty it may be) who are for placing the 
Sun at an immenſe diſtance beyond the bounds here aſſigned, relying 
on obſervations made upon the vibrations of a pendulum, in order to 
determine thoſe exceeding ſmall angles; but which, as it ſeems, are 
not ſufficient to be depended upon: at leaſt, by this method of in- 
veſtigating the parallax, it will come out ſometimes nothing, or even 
negative ; that is, the diſtance would either become infinite, or greater 
than infinite, which is abſurd. And indeed, to confeſs the truth, it is 
hardly poſſible for a man to diſtinguiſh, with any degree of certainty, 
ſeconds, or even ten ſeconds, with inſtruments, let them be ever fo 
ſkilfully made: therefore, it is not at all to be wondered at, that the 
exceſſive nicety of this matter has eluded the many and ingenious en- 
deavours of ſuch ſkilful operators. | 

About forty-years ago, whilſtI was in the iſland of St. Helena, ob- 
ſerving the ſtars about the ſouth pole, I had an opportunity of obſerving, 
with the greateſt diligence, Mercury paſſing over the diſc of the Sun; 
and (which ſucceeded better than 1 could have hoped for) I obſerved, 
with the greateſt degree of accuracy, by means of a teleſcope 24 feet 
long, the very moment when Mercury entering upon the Sun ſeemed to 
touch its limb within, and alſo the moment when going off it ſtruck 
the limb of the Sun's diſc, forming the angle of interior contact: 
whence I found the interval of time, during which Mercury then ap- 
peared within the Sun's diſc, even without an error of one ſecond of 
time. For the lucid line intercepted between the dark limb of the 
planet and the bright limb of the Sun, althcugh exceeding fine, is 
ſeen by the eye ; and the little dent made in the Sun's limb, by Mer- 
cury's entering the diſc, appears to vanith in a moment; and alſo 
that made by Mercury, when leaving the diſc, ſeems to begin in an in- 
ſtant When 1 perceived this, it immediately came into my mind, that 
the Sun's parallax might be accurately determined by ſuch kind of ob- 
ſervations as theſe ; provided Mercury were but nearer to the Earth, and 
had a greater parallax from the Sun : but the difference of theſe paral- 
laxes is ſo little, as always to be leſs than the ſolar parallax which we 
want ; and therefore Mercury, though frequently to be ſeen on the 
Sun, is not to be looked upon as fit for our purpoſe. 

There remains then the tranſit of Venus over the Sun's diſc ; whoſe 
parallax, being almoſt four times greater than the ſolar parallax, will 


cauſe very ſenſible differences between the times in which Venus will 


ſeem to be paſſing over the Sun at different parts of the Earth. And 
| from 
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from theſe differences, if they be obſerved as they ought, e Sun's 
parallax may be determined even to a ſmall part of a ſecond. Nor do 
we require any other inſtruments for this purpoſe, than common 
teleſcopes and clocks, only good .of their kind ; and in the obſervers, 
nothing more is needful than fidelity, diligence, and a moderate ſkill 
in Aſtronomy. For there is no need that the latitude of the place ſhould 
be ſcrupulouſly obſerved, nor that the hours themſelves ſhould be ac- 
curately determined with reſpect to the meridian : it is ſufficient that 
the clocks be regulated according to the motion of the heavens, if the 
times be well reckoned from the total ingreſs of Venus into the Sun's 


diſc, to the beginning of her egreſs from it ; that is, when the dark globe | 


of Venus firſt begins to touch the bright limb of the Sun ; which mo- 
ments, I know by my own experience, may be obſerved to within a 
ſecond of time. | 5 | | | 
But on account of the very ſtrict laws by which the motions of the 
planets are regulated, Venus is ſeldom ſeen within the Sun's diſc : and 
during the courſe of more than 120 years, it could not be ſeen once; 
namely, from the year 1639 (when this moſt pleaſing ſight happened 
to that excellent youth Horrox our countryman, and to him only, ſince 
the creation) to the year 1761 ; in which year, according to the theories 
which we have hitherto found agreeable to the celeſtial motions, Venus 
will again paſs over the Sun on the * 26th of May, in the morning; 
ſo that at London, about fix o'clock in the morning, we may expect to 
ſee it near the middle of the Sun's diſc, and not above four minutes of a 
degree ſouth of the Sun's center. But the duration of this tranfit will be 
almoſt eight hours; namely, from two o'clock in the morning till almoſt 
ten. Hence the ingreſs will not be viſible in England; but as the Sun 
will at that time be in the 16th degree of Gemini, having almoſt 2 
degrees north declination, it will be ſeen without ſetting at all in almoſt 


all parts of the north frigid zone: and therefore the inhabitants of the 


coaſt of Norway, beyond the city Niqro/ia, which is called Drontheim, 
as far as the North Cape, will be able to obſerve Venus entering the 
Sun's diſc ; and perhaps the ingreſs of Venus upon the Sun, when 
riſing, will be N Scotch, in the northern parts of the king- 
dom, and by the inhabitants of the Scbetland Jes, formerly called 
Thule. But at the time when Venus will be neareſt the Sun's center, 
the Sun will be vertical to the northern ſhores of the bay of Bengal, or 
rather over the kingdom of Pegu; and therefore, in the adjacent re- 
gions, as the Sun, when Venus enters his diſc, will be almoſt four 
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hours toward the eaſt, and as many to the weſt when ſhe leaves him] 
the apparent motion of Venus on the Sun will be accelerated by almoſt 
double the horizontal parallax of Venus from the Sun ; becauſe Venus 
at that time is carried with a retrograde motion from eaſt to weſt; 
whilſt an eye placed upon the Earth's ſurface is whirled the contrary 
way, from welt to call of 


Suppoſing 


* This has been taken already notice of in 5 24; but I ſhall here endeavour to ex- 
plain it more at large, together with ſome of the following part of the Doctor's Eſſay, 


by a figure. 

In Ng. I. of Plate II. let C be the center of the Earth, and Z the center of the Sun. In 
the right line CvZ, make vZ to CZ as 726 is to 1015 (F 12). Let achd be the Earth, v 
Venus's place in her orbit at the time of her conjunction with the Sun; and let TSU be 
the Sun, whoſe diameter is 31” 42”. 5 | 

The motion of Venus in her orbit is in the direction Nun, and the Earth's motion on 
its axis is according to the order of the 24 hours placed around it in the _ There- 
fore, ſuppoſing the mouth of the Ganges to be at G, when Venus is at E in her orbit, and 
to be carried from & to g by the Earth's motion on its axis, whilſt Venus moves from E to : 
in her orbit; it is plain that the motions of Venus and the Ganges are contrary to each 
other. TY * 

The true motion of Venus in her orbit, and conſequently the ſpace ſhe ſeems to run oves 
on the Sun's diſc in any.given time, could: be ſeen only from the Earth's center C, which 
is at reſt with reſpect to its ſurface. And as ſeen from C, her path on the Sun would be 
in the right line TzU; and her motion therein at the rate of four minutes of a d per 
hour. T is the point of the Sun's eaſtern limb which Venus ſeems to touch at the mo- 
ment of her total ingreſs on the Sun, as ſeen from C, when ſhe is at E in her orbit; and 
U is the point of the Sun's weſtern limb which ſhe ſeems to touch at the moment of her 
beginning of egreſs from the Sun, as ſeen from C, when ſhe is at : in her orbit. 

When the mouth of the Ganges is at m (in conan through the arc Eng) the Sun is 
on its meridian, Therefore, ſince G and g are ly diſtant from m at the beginning 
and ending of the tranſit, it is plain that the Sun will be as far eaſt of the meridian of the 
Ganges (at G) when the tranſit begins, as it will be weſt of the meridian of the ſame place 
(revolved from G to g) when the tranſit ends. | 

But although the beginning of the tranſit, or rather the moment of Venus's total in- 
greſs upon the Sun at 7, as ſeen from the Earth's center, muſt be when Venus is at Zin 
her orbit, becauſe ſhe is then-ſeen in the ditection of the right line CET; yet, at the 
ſame inſtant of time, as ſeen from the Ganges at E, ſhe will be ſhort: of her ingreſs on 
the Sun, being then ſeen eaſtward: of him, in the right line GER, which makes the 
angle KET (equal to the oppoſite angle GEC) with the right line CET. This angle 
is called the angle of Venus's parallax from the Sun, which retards the beginning of the 
tranſit as ſeen from the banks of the Ganges ; ſo that the Ganges & muſt advance a little far- 
ther toward n, and Venus muſt move on in her orbit from E to R, before ſhe can be ſeen - 
from & (in the right line GRT) wholly within the Sun's diſc at 7. 

When Venus comes to-e-in her orbit, ſhe will appear at U, as ſeen from the Earth's 
center C, juſt beginning to leave the Sun, that is, at the beginning of her egreſs from his 
weſtern limb: but at the ſame inſtant of time, as ſeen from the Ganges which is then 
at g, ſhe will be quite clear of the Sun toward the weſt ; being then ſeen from g in the 
right line geL, which makes an angle, as UeL (equal to the oppoſite angle Ceg) with 
the right line CC: and this is the angle of Venus's parallax from the Sun as ſeen ”"_ 
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 Suppoſing the Sun's parallax (as we have ſaid) to be 127”, the paral- 
lax of Venus will be 43”; from which ſubtracting the parallax of the 
Sun, there will remain 30“ at leaſt for the horizontal patallax of Venus 
from the Sun; and therefore the motion of Venus: will be inereaſed 45 
at leaſt by that parallax, whilſt ſhe paſſes over the Sun's diſc, in thoſe 
elevations of the pole which are in places near the tropic, and yet more 


in the neighbourhood of the equator, Now, Venus at that time will 


move on the Sun's diſc very nearly at the rate df four minutes of a 
degree in an hour; and therefore 11 minutes of time at leaſt are to be 
allowed for 45 or three fourths of a minute of a degree; and by this 
ſpace of time, the duration of this eclipſe cauſed by Venus will, on 
account of the parallax, be ſhortened. And from this ſhortening of 
the time only, we might ſafely enough draw a concluſion concerning 
the parallax which we are in ſearch of, provided the diameter of the 
Sun, and the lati of Venus, were accurately known. But we can- 
not expect an exact computation in a matter of ſuch ſubtilty. 

We muſt endeavour therefore to obtain, if poſſible, another obſerva- 
tion, to be taken in thoſe places where Venus will be in the middle of 
the Sun's diſe at midnight; that is, in places under the oppoſite meri- 
dian to the former, or about 6 hours or go degrees welt of London; 
and where Venus enters upon the Sun. a little before its ſetting, and 
goes off a little after its riſing. And this will happen under the above- 
mentioned meridian, and where the elevation of the north pole is 
about 56 degrees; that is, in a part of Hudſon's Bay, near a place 
called Port-Nelſon. For, in this and the adjacent places, the parallax 
the Ganges at g, when ſhe is but juſt beginning to leave che Sun at U, as ſeen from the 
Earth's center C. | 

Here it is plain, that the duration of the tranſit about the mouth of the Ganges (and 
alſo in the neighbouring places) will be diminiſhed by about double the quantity of Venus's 
parallax from the Sun at the beginning or ending of the tranſit. For Venus muſt be at 


E in her orbit when ſhe is wholly upon the Sun at 7, as ſeen from the Earth's center C- 
but at that time ſhe is ſhort of the Sun as ſeen from the Ganges at G, by the whole quan- 


tity of her eaſtern parallax from the Sun at that time, which is the angle XET. [This 


angle, in fact, is only 23”; mu it is repreſented much larger in the figure, becauſe 
the Earth therein is a vaſt deal too big.] Now, as Venus moves at the rate of 4“ in an 
hour, ſhe will move 23“ in 5 minutes 45 ſeconds: and therefore, the tranſit will be 
5 min. 45 ſeconds later of beginning at the banks of the Ganges than at the Earth's cen- 
ter. When the tranſit is ending at U, as ſeen from the Earth's center C, Venus will 
be quite clear of the Sun (by the whole quantity of her weſtern parallax from him) as 
ſeen from the Ganges, which is then at g : and this parallax will be 22”, equal to the ſpace 
through which Nl moves in 5 minutes 30 ſeconds of time: fo that the tranſit will 


end 5+ minutes ſooner as ſeen from the Ganges, than as ſeen from the Earth's center, 
Hence, the whole contraction of the duration of the tranſit at the mouth of the 
Ganges will be 11 minutes 15 ſeconds of time: for it is 5 minutes 45 ſeconds at the 
beginning, and 5 minutes gg ſeconds at the end. e 
5 S of 


I; 
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of Venus will increaſe the duration of the tranſit by at leaſt ſix minutes 
of time ; becauſe, whilſt the Sun, from its ſetting to its rifing, ſeems 
to paſs under the pole, thoſe places on the Earth's diſc wilt be carried 
| with a motion from eaſt to weſt, contrary to the motion of the Ganges; 
that is, with a motion conſpiring with the motion of Venus ; and there- 
fore, Venus will ſeem to move more flowly on the Sun, and to be longer 
in paſſing over his diſc *. Fs | 
If therefore it ſhould happen that this tranſit ſhould be properly ob- 
ſerved by ſkilful perſons at both theſe places, it isclear, that the dura- 
tion thereof will be 17 minutes longer, as ſeen from Port-Nelſon, than 
as ſeen from the Ee/i-Tndies. Nor is it of much conſequence (if the 
Engliſh ſhall at that time give any attention to this affair) whether the 
obſervation be made at Fort-George, commonly calted Madras, or at 
Bencoolen on the weſtern ſhore of the iſland of Sumatra, near the equa- 
tor. But if the French ſhall be diſpoſed to take any pains Herein, arr 
obſerver may ſtation himſelf conveniently enough at Pondicbery on tho 
welt ſhore of the bay of Bengal, where the altitude of the pole is about 
12 degrees. As to the Dutch, their celebrated mart at Batavia will 
afford them a place of obſervation fit enough for this purpoſe, provided 
they alſo have but x diſpoſition to aſſiſt in advancing, in this particular, 


* In Fig. 1. of Plate II. let C be the meridian of the eaſtern mouth of the Ganges, 
and þC the meridian of Port-Nelſon at the mouth of York- River in _—_ Bay, 56” 
north latitude. As the meridian of the Ganges revolves from à to c, t 
Port-Nelſon will revolve from b tad: therefore, whilſt the Ganges revolves from & to gg 
through the arc Gmg, Port-Nelſon revolves the contrary 3 (as ſeen from the Sun or 
Venus) from P to p, through the arc P. ——Now, as the motion of Venus is from 
E to e in her orbit, whilſt ſhe ſeems to paſs over the Suns diſc in the right line TtU, as 
ſeen from the Earth's center C, it is plain, that whilſt the motion of the Ganges is contrary» 
to the motion of Venus in her orbit, and thereby ſhortens the duration of the tranſit at 
that place, the motion of Port-Netfon is the ſame way as the motion of Venus, and wilk 
therefore increaſe the duration of the tranſit : which may in ſome degree be illuſtrated- 
fuppoſing, that whilſt'a ſhip is under ſail, if two birds fly along the fide of the ſhip 
in contrary directions to each other, the bird which flies contrary to the motion of 
the ſhip will paſs by it ſooner than the bird will, which flies the ſame way that the ſhips 


moves. 


In fine, it is plain by the figure, that the duration of the tranſit muſt be longer as ſeen 
from Port-Nelſon, than as ſeen from the Earth's center, and longer as ſeen from the Earth's 
eenter, than as ſeen from the mouth of the Ganges For Port- Nelſon muſt be at P, and 
Venus at N in her orbit, when ſhe appears wholly within the Sun at 7; and the ſame 
place muſt be at p, and Venus at u, when ſhe appears at U, Beginning to leave the 
Sun. The Ganges muſt be at G, and Venus at R, when ſhe is ſeen from G upon the Sun at 
7; and the ſame place muſt be at g, and Venus at r, when ſhe: begins to leave the Sun 
at U, as ſeen from g. So that Venus muſt move from N to n in her orbit, whilſt ſhe is 
feen to paſs over the Sun from Port-Nelſon; from E to e in paſſing over the Sun, as ſeen 


from the Earth's center; and only: from R tor whilſt the paſſes over the Sun, as ſeen from 
the banks of the Ganges. 4 EI ef 


3 the 
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the knowledge of the heavens. —And indeed I could wiſh that many 
obſervations of the ſame phenomenon might be taken by different per- 
fons at ſeveral places, both that we might arrive at a greater degree of 
certainty by their agreement, and alſo leſt any ſingle obſerver ſhould be 
deprived, by the intervention of clouds, of a fight, which I know not 
whether any man living in this or the next age will ever ſee again; and 
on which depends the certain and adequate ſolutions of a problem the 
.moſt noble, and at any other time not to be attained to. 1 recommend 
it therefore, again and again, to thoſe curious Aſtronomers, who (when 
I am dead) will have an opportunity of obſerving theſe things, that 
they would remember this my admonition, and diligently apply them- 
ſelves with all their might to the making this ebſervation : and I earneſtly. 
wiſh them all imaginable ſucceſs ; in the firſt place that they may not, 
by the unſeaſonable obſcurity of a cloudy ſky, be deprived of this moſt 
deſirable ſight ; and then, that having aſcertained with more exactneſs 
the maynitudes-of the planetary orbits, it may redound to their immor- 
tal fame and glory. ; 
We have now ſhewn, that by this method the Sun's parallax may be 
inveſtigated to within its five hundredth part, whieh doubtleſs will ap- 
pear wonderful to ſome. But if an accurate obſervation be made in 
each' of the places above marked out, we have already demonſtrated 
that the durations of this eclipſe made by Venus will differ from each 
other by 17 minutes of time; that is, upon a ſuppoſition that the Sun's 
parallax is 123”. But if the difference ſhall be Band by obſervation to 
e greater or leſs, the Sun's parallax will be greater or leſs, nearly in the 
ſame proportion. And fince 17 minutes of time are anſwerable to 12+ 
ſeconds of ſolar parallax, for every ſecond of parallax there will ariſe 
a difference of more than 80 ſeconds of time, whence, if we have this 
difference true to two ſeconds, it will be certain what the Sun's paral- 
lax is, to within a 4oth part of one ſecond ; and therefore, his diſtance 
will be determined to within its 5oodth part at leaſt, if the parallax 
be not found leſs than what we have ſuppoſed : for 40 times 12+ 
make 500, | 
And now I think I have explained this matter fully, and even more 
than I needed to have done, te thoſe who underſtard Aſtrenomy: and 
I. would have them take notice, that on this occaſion, I have — no 
regard to the latitude of Venus, both to avoid the inconvenience of a 
more mtricate calculation, which would render the concluſion leſs evi- 
dent ; and alſo becauſe the motion of the nodes of Venus is not yet- 
diſcovered, nor can be determined but by ſuch conjunctions of the planet 
with the Sun as this. For we conclude, that Venus will paſs 4 __ 
OW: 


& * 
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below the Sun's center, only in conſequence of the ſuppoſition that the 
plane of Venus's orbit is immovable in the ſphere of the fixed ſtars, 
and that its nodes remain in the ſame places where they were found in the 
year 1639. But if Venus, in the year 1761, ſhould move over the Sun 
in a path more to the ſouth, it will be manifeſt that her nodes have 
moved backward among the fixed ſtars; and if more to the north, that 
they have moved forward ; and that at the rate of 5+ minutes of a de- 
gree in 100 Julian years, for every minute that Venus's path ſhall be 
more or leſs diſtant than the aboveſaid 4 minutes from the Sun's center. 
And the difference between the duratiòns of theſe eclipſes will be ſome- 
what leſs than 17 minutes of time, on account of Venus's ſouth lati- 
tude; but greater, if by the motion of the nodes forward ſhe ſhould 
paſs on the north of the Sun's center. | | 
But for the fake of thoſe, who though they are delighted with fidereal 
obſervations, may not yet have made themſelves acquainted with the 
doctrine of parallaxes, I choſe to explain the thing a little more fully 
by a ſcheme, and alſo by a calculation ſomewhat more accurate. 
Let us ſuppoſe that at London, in the year 1761, on the 6th of June 
at 55 minutes after V in the morning, the Sun will be in Gemini 1 50 
37% and therefore that at its center the ecliptic is inclined toward the 
north, in an angle of 6 10“: and that the viſible path of Venus on the 
Sun's diſc at that time declines to the ſouth, making an angle with the 
ecliptic of 8 287: then the path of Venus will alſo be inclined to the 
ſouth, with reſpect to the equator, interſecting the parallels of declina- 
tion at an angle of 20 18 ®, - Let us alſo ſuppoſe, that Venus, at the 
forementioned time, will be at her leaſt diſtance from the Sun's cen- 
ter, viz. only four minutes to the ſouth ; and that every hour ſhe will 
.deſcribe a ſpace of 4 minutes on the Sun, with a * motion. 
The Sun's ſemidiameter. will be 15 51” nearly, and that of Venus 37 
And let us ſuppoſe, for trial's ſake, that the difference of the horizontal 
parallaxes of Venus and the Sun (which we want) is 31“, ſuch as it 
comes out if the Sun's parallax be ſuppoſed 122“. Then, on the cen- 
ter C (Plate II. Fig. 2.) let the little circle AB, repreſenting the Earth's 


4 I am convinced that this is an overſight in the Doctor, occaſioned by his placirfg both 
the Earth's axis BCg (Fig. 2. of Plate II.) and the axis of Venus's orbit CH on the ſame 
ſide of the axis of the ecliptic CK; the former making an angle of 6® 10' therewith, and 
the latter an angle of 8* 28“; the difference of which angles is only 2 18“. But the 
truth is, that the Earth's axis, and the axis of Venus's orbit, will then lie on different 
fides of the axis of the ecliptic, the former making an angle of 6 therewith, and the 
latter an angle of 80. Therefore, the ſum of theſe angles, which is 14% (and not 
their difference 2* 18') is the inclination of Venuyyg's viſible path to the equator and paral» 
lels of declination, | | | = 
| diſc, 


* 
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diſe, be "deſcribed, and let its ſemidiameter CB be 31“; and let the 
1 parallels of 22 and 56 degrees of north latitude (for the Ganges 


and Port-Nelſan) be drawn within it, in the manner now uſed by 
Aſtronomers for conſtructing ſolar eclipſes. Let BCg be the meridian 
in which the Sun is, and to this, let the right line FHG, repreſenting 
the path of Venus, be inclined at an angle of 2 18“; and let it be 
diſtant from the center C 240 ſuch parts, whereof CB is 31. From C 


let fall the right line CH, perpendicular to FG; and ſuppoſe Venus to 


be at Hat 55 minutes after V in the morning. Let the right line FHG 
be divided into the horary ſpaces III IV, IV V, V VI, &c. each equal 


to CH; that is, to 4 minutes of a degree. Alſo, let the right line LM 


be equal to the difference of the apparent ſemidiameters of the Sun and 


Venus, which is 15 13%” ; and a circle being deſcribed with the radius 


LM, on a center taken in any point within the little circle AB repre- 


ſenting the Earth's diſc, will meet the right line FG in a point denoting. 


the time at London when Venus ſhall touch the Sun's limb internally, 


as ſeen from the place of the Earth's ſurface that anſwers to the point 


aſſumed in the Earth's diſc. And if a circle be deſcribed on the center C, 


with the radius LM, it will meet the right line FG in the points Fand G; - 
and the ſpaces FH and GH will be each equal to 14 4”, which ſpace” 
Venus will appear to paſs over in 3 hours 40 minutes of time at London; 


therefore, F will fall in II hours 15 minutes, and G in IX hours 35 


minutes in the morning. Whence it is manifeſt, that if the magnitude 
of the Earth, on account of its immenſe diſtance, ſhould vaniſh as it 
were into a point; or, if being deprived of a diurnal motion, it ſhould 
always have the Sun vertical to the ſame point C, the whole duration 


of this eclipſe would be 7 hours 20 minutes. But the Earth in that 
time being whirled through 110 degrees of longitude, with a motion 
contrary to the motion of Venus, and conſequently the abovementioned 


duration being contracted, ſuppoſe 12 minutes, it will come out 7 hours 


8 minutes, or 107 degrees, nearly. 

Now, Venus will be at H, at her leaſt diſtance from the Sun's cen- 
ter, when in the meridian of the eaſtern mouth of the Ganges, where 
the altitude of the pole is about 22 degrees. The Sun therefore will be 
equally diſtant from the meridian of that place, at the moments of the 
ingreſs and egreſs of the planet, viz. 534 degrees; as the points à and 

b. (repreſenting that place in the Earth's diſc AB) are, in the greater 
parallel, from the meridian BCg. But the diameter ef of that parallel will 
be to the diſtance ab, as the ſquare of the radius to the rectangle under 
the ſines of 535 and 68 degrees; that is, as 1' 2 to 46“ 13”. And 
by a good calculation, (which, that I may not tire the reader, it is better 

5 to 
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to omit) I find, that a circle deſcribed on à as a center, with the radius 
LM, will meet the right line FH inthe point M, at II hours 20 minutes 
40 ſeconds ; but that being deſcribed round & as a center, it will meet 
HH in the point Nat IX hours 29 minutes 22 ſeconds, according to the 
time reckqned at London: and therefore, Venus will be ſeen entirely 
within the Sun at the banks of the Ganges for 7 hours 8 minutes 
42 ſeconds: we have then rightly ſuppoſed that the duration will 
be 7 hours 8 minutes, ſince the part of a minute is here of no 
conſequence. q 

But adapting the calculation to Port-Nelſon, I find, that the Sun 
being about to ſet, Venus will enter his diſc; and immediately after his 
riſing ſhe will leave the ſame. That place is carried in the inter- 
mediate time through the hemiſphere oppoſite to the Sun, from c to d, 
with a motion conſpiring with the motion of Venus; and therefore, the 
ſtay of Venus on he Sun will be about 4 minutes longer, on account 
of the parallax; fo that it will be at leaſt 7 hours 24 minutes, or 
111 degrees of the equator. And ſince the latitude of the place is 
56 degrees, as the ſquare of the radius is to the rectangle contained 
under the fines of 5 5 and 34 degrees, ſo is AB which is 1' 2", to cd 
which is 28” 33”. And if the calculation be juſtly made, it will ap- 
pear, that a circle deſcribed on cas a center: with the radius LM, will 
meet the right line FH in O, at II hours 12 minutes 45 ſeconds ; and 
that ſuch a circle deſcribed on d as a center will meet HG in P, at 
IX hours 36 minutes 37 ſeconds; and therefore the duration at Port- 
Nelſon will be 7 hours 23 minutes 52 ſeconds, which is greater than at 
the mouth of the Ganges, by 15 minutes 10 ſeconds of time. But if 
Venus ſhould paſs over the Sun without having any latitude, the dif- 
ference would be 18 minutes 40 ſeconds ; and if ſhe ſhould paſs 4 

north of the Sur's center, the difference would amount to 21 minutes 
40 ſeconds, and will be ſtill greater, if the planet's north latitude be 
more increaſed. , 5 

From the foregoing hypotheſis it follows, that at London, when the 
Sun riſes, Venus will have entered his diſc; and that, at IX hours 
37 minutes in the morning, ſhe will touch the limb of the Sun inter- 
nally in going off; and laſtly, that ſhe will not entirely leave the Sun 
till IX hours 56 minutes. 

It likewiſe follows from the ſame hypotheſis, that the center of 
Venus ſhould juſt touch the Sun's northern limb in the year 1769, on 
the third of June, at XI o'clock at night. So that, on account of the 
parallax, it will appear in the northern parts of Nerway entirely within 
the Sun, which then does not ſet to thoſe parts; whilſt, on the coaſts 


of 
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of Peru and Chili it will ſeem to travel over a ſmall portion of the diſc 
of the ſetting Sun; and over that of the riſing Sun at the Molucca 
Nandi, and in their neighbourhood. —But if the nodes of Venus be 
found to have a retrograde motion (as there is reaſon to believe from 
. ſome later obſervations they have) then Venus will be ſeen every where 

within the Sun's diſc ; and will afford a much better method for finding 
the Sun's parallax, by almoſt the greateſt difference in the durations of 
theſe eclipſes that can poſſibly happen. | 

But how this parallax may be deduced from obſervations made 
ſomewhere in the Ea/t-Indtes, in the year 1761, both of the ingreſs and 
egreſs of Venus, and compared with thoſe made in its going off with us ; 
namely, by applying the angles of a triangle given in ſpecie to the 
CUES 122 three equal circles; ſhall be explained on ſome other 
OCCALON, fi 1 B 21] | 4 


Kfer 
Sbewing that the whole method propoſed by the Doctor cannot 
EEe̊e put in practice, and why. 4 


27. In the above Diſſertation, the Doctor has explained his method 
with great modeſty, and even with ſome doubtfulneſs with regard to its 
full ſucceſs. For he tells us, that the Sun's parallax may only be deter- 
mined within its five hundredth part thereby, provided it be not leſs 
than 122 that there may be a good obſervation. made at Port-Nelſon, 
as well as about the banks of the Ganges, and that Venus does. not 
paſs more than 4 minutes of a degree below the center of the Sun's 
diſc.— He has taken all proper pains not to raiſe. our expectations too 
high, and yet, from his well known abilities, and character as a great 
Aſtronomer, it ſeems mankind in general have laid greater ſtreſs. upon 
his method than he ever deſired them to do. Only, as he was convinced 
it was the beſt method by which this important problem can ever be 
ſolved, he recommended it warmly for that reaſon. He had not then 
made a ſufficient number of obſervations whereby to determine, with 
certainty, whether the nodes of Venus's orbit have any motion at all; or, 
if they have, whether it be backward or forward with reſpect to the ſtars. 
And conſequently, having not then made his own tables, he was obliged 
to calculate from the beſt that he could find. But thoſe tables allow of 
no motion to Venus's nodes, and alſo reckon her conjunction with the 
Sun to be about half an hour too late. Kuilaitg Ia a0 4 
l P 28. But 
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29. But more modern obfervations prove that the 2 of Venus's 
orbit have a motion, backward, or contrary to the order of the ſigns, 
with reſpect to the fixed ſtars. And this motion is allowed for, in the 
Doctor's tables, a great part whereof were made from his on obſervati- 
ons. And it appears by theſe tables, that Venus will be ſo much farther 
u her deſcending node at the time of this tranfit, than ſhe was paſt 

er aſcending node at her tranſit in November 1639, that inſtead of 


paſſing only 4 minutes of a degree below the Sun's center in this, ſhe 


will paſs almoſt 10 minutes of a degree below it: on which account, 
the line of her tranſit will be fo ſhortened, as will make her ftay 
on the Sun's diſc about an hour and 20 minutes leſs than if ſhe paſſed 
only 4 minutes below the Sun's center, at the middle of her tranſit. 
And therefore, her parallax from the Sun will be ſo much diminiſhed 
both at the beginning and end of her tranſit, at all places from which 
the whole of it will be ſeen, that the difference of its durations, as ſeen 
from them, and as ſuppoſed to be ſeen from the Earth's center, will 
not amount to 11 minutes of time. | c 

29. But this is not all: for although the tranſit will begin before the 
Sun ſets to Port- Nelſon, it will be quite over before he riſes to that place 
next morning, on account of its ending ſo much ſooner than as given 
by the tables to which the Doctor was obliged to truſt. So that we are 
quite deprived of the advantage that otherwiſe would have ariſen from 
obſervations made at Port- Nel 4 eee | 

30. In order to trace this affair through all its intricacies, and to ren- 
der it as intelligible to the reader as I can, there will be an rmavordable 


neceflity of dwelling mach le upon it than I could otherwife 


with. And as it is impoſſible to lay down truly the parallels of lati- 
tude, and the fituations of places at particular times, in fuch a ſmall 
diſc of the Earth as muſt be projected in fach a fort of diagram as the 
Doctor has given, ſo as to meaſure thereby the exact times of the be- 
ginning and 28 of the tranſit at any given place, unleſs the Sun's. 
diſc be made at leaft 30 inches diametor'in the projection; and to which 
the Doctor did not quite truſt without making ſome calculations; I fhall 
take a different method, in which the Earth's diſe may be made as 
as the operator 12 but if he makes it 'only 6 inches in diameter, he 
may meaſure the quantity of Venus's parallax from the Sun 1 it, 
both in longitude and latitude, to the fe part of a fecond, for an 
given time and place; and then, by an eafy calculation in the common 

rule of three, he may find the effect of the on the duration of 


the tranſit. In this, I ſhall firſt ſuppoſe witk the Doctor, that the Sun's 


borizontal parallax is 123” ; and conſequently, that Venus horizontal 
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31. The elements for this oonſtruction are as follow : 
true time of conjunction of the Sun and Venus; which, as 
ſeen from the'Earth's center, and reckoned according to Nie cat 
- time at London; damage er I. , at 46 minutes 1 += 7 11 
- after V in the morning, according to Harte ables. 

I. The geocentric Iaitucde of Venus at that time, 9 43” fouth. 

III. The Sun's ſemidiameter, 15 50”. | 
IV. The ſemidiameter of Venus (from the Doctor's Difſertation) 277 
1 The Difference of the ſemidiameters of the Sun and Venus 150 122% 
VI. Their ſum, 16 2777 a 
VII. The angle which the tranfn- line makes with the ecliptic 8* 37”; 
the angular point (or defcending node) being 156 18“ caſtward | 
from the Sun, ee arth; the node bein ._ 
4 2 Gen from the San and the Sun in IL 1g 35 | | 


EF 


, as ſeen 
v e n le which e venus viſible path makes with the 
axis of the Scliptic, 8 31'; the ſouthern half of that axis being on 
the leſt hand (or caftward) of the axis of the ecliptic, as ſeen from 
the northern hemiſphere of the Earth, which would be to the right- | 
oY as s ſcen from me San. | 
"7 IX. The 


x 
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IX. The angle which the Earth's axis: makes with the axisof the 
as ſeen from the Sun, 6* the ſouthern half of the Earth's axis 
to the ri of the axis of the eclipti argen 
would be tothe ivitbandes ſen from : 

X. The angle which the Earth's axis makes 3 Venus's . 
viſible path, 14 310: vis. the ſum of Ne VIII and IX. 

XL The true motion of Venus on the Sun, given by the tables as if it 


were ſeen from the Earth's center, 4 en MR 60 
minutes of time. | e 


32. Theſe elements being collected, make a ſcale of any convenient 
_— that of b. 1. in Plat I, and divide it into 17 equal- i 
whereof ſhall be taken for a minute of a degree : then, divide 
the minute next to the left-hand into 60 parts for ſeconds, by. | 
en lines, as in the figure. The reaſon for dividing the ſcale into 
parts or minutes is, becauſe the ſum of the 2 of the 
San and Venus exceeds 16 minutes of a degree. See Ne VI. 
33. Draw the right line ACG (Fig, g.) for a ſmall part of the 
ecliptic, and perpendicular thereto the right line CvE for che 
axis of the ecliptic on the ſouthern half of the Sun's diſc. ' » - 1 

34. Take the Sun's ſemidiameter, 15 50, from the ſcale with 
your compaſſes; and with that extent, as a radius, ſet one foot in Cas a 
center, and deſcribe the ſemicircle AEG for the ſouthern half of the 
Sun's diſc ; becauſe the tranſit is on that, half of the Sun. * 

35. Take the geocentric latitude, of Venus, 9. 435, from the ſcale 
with your compaſſes; and ſet that extent from C to v, on the axis of 
the ecliptic : and the point v ſhall be the place of Venus's center on the: 
Sun, at the tabular moment of her conjunction. 

36. Draw. the right line CB D, making an gle of go 31 ' with the- 
axis of the ecliptic, toward the left hand; and this line ſhall 3 
the axis of Venus 's geocentric viſible path 6 on the Sun. 

37. Through the point of conjunction u, in the axis of the ecliptic. 
draw the rice line gr for the geocentric viſible path of Venus over the 
Sun's diſc, at right angles to CBD the axis of her orbit, which axis will 
divide the line of her path into two equal parts r and tr. 

38. Take Venus's horary motion on the Sun, 4, from the ſcale wich 
your compaſſes; and with that extent make marks along the tranſit- line, 
tr. The equal ſpaces, from mark to mark, ſhew how much of that 
line Venus moves through in each hour, as ſeen from the Earth's gender, | 
Gang 3 her continuance on the Sun's diſe. 


Wc 
ni 


by 
. . 
0 
* «7 ' * a> | b "V * * 


—— e 
—— for minutes of . ſet the hours to the marks 
in ſuch a manner, that the true time of conj 9 


Venus, 46+ minutes after V in the morning: may fall ines the | 
where the tranſit-line cuts the axis of the ecliptic. So the pint el 
denote the place of Venus 's center on the Sun, at the inſtant of 

tion; and ? (in the axis CD of her orbit) will be the middie * or 
tranſit ;- which is at 24 minutes after V in the morning; as ſeen from the 
Earth's center, and reckoned by the equal time at Londuvn. 

40. Take the difference of the ſemidiameters of the Sun and Venus, 
15 12%”, in your compaſſes from the ſcale; and with that extent, 
ſetting one foot in the Sun's center G, deſcribe the arcs N and T with 
the other, croſſing the tranſit-line in the points & and 1; which are 
the points on the Sun's diſo that are hid by the center of Venus at the 
moments of her two internal contacts with the Sun's limb or edge, at 
M and N: the former of theſe is the moment of Venus's total ingreſs 
on the Sun, as ſeen from the Earth's center, which is at 28 minutes 

after II in the morning, as reckgphed at London; and the latter is the 
moment when her egreſs fromthe Sun begins, as ſeen from the Earth's 
e, which is 20 minutes after VIII in the morning at London. The 
in between theſe two contacts is 3 hours 52 mifiutes. 

41. The central ingreſs of Venus on the Sun is the Wee den 
her center is on the Sun's eaſtern limb at u, which is at 15 minutes 
after II in the morning; and her central egreſs from the Sun is the 
moment when her eenter is on the Sun's'weſtern limb at 0 which is 
at 33 minutes after VIII in the morning, as ſeen from the Earth's 
center, and reckoned according to the time at L. The interval 
between theſe is 6 hours 18 minutes. mw: 

42: Take the ſum of the ſemidiameters of the gun and Verde! 16 
27 in your compaſſes from the ſcale; and with that extent, ſetting 

one foot in the Sun's center C, deſeribe the ares 2 'and R With the = 
other, cutting the tranſit-line in the points'4 and v, which are the points 
in open ſpace (clear of the Sun) where the center of Venus is, a — 
moments of her two external contacts with the Sun's limb at S a , 
or the moments of the beginning and ending of theitratifit}! as ſeen 
from the Earth's center; the former of which is at 3 minutes after II 
in the morning at London, and the latter at 45 minutes aer VIII. 12 
interval between theſe is 6 hours 42 minutes. 1 ** | 
43. Take the ſemidiametet of Venus, 37“, in your compuſies from 
the ſcale; and with that extent as a radius, on the points 9, K, T, J, 7, 
wee deſcribe the circles HS, = OF, PN, WY, for che dite ef 


Venus, 


et 
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Venus, at her firſt contact at &, her total ingteſs at M. her place OF 
on the Sun at che middle of her tranſit, Wen e Lark 
and her laſt contact at / 

44. Thoſe who have a mind to project ihe Earth's diſc on the Sun, 
round the center C, and to lay down the parallels of latitude and fitna- 
tions of places thereon, according to Dr. HALLEY's method, may draw 
222 axis of the Earth, produced to the ſouthern ed ge of the Sun 

and makin an angie ES of 6. wich dhe tig of the. ecliptic 


c. but he will find it very difficult and uncertain to mark the places 


on that diſc, unleſs he makes the Sun's ſemidiameter A 15 inches at 
leaſt : otherwiſe ¶ is of no uſe at all in this 


45- In Fig. 3. of Plate III. make the line 4B of any convenient 


length, and divide it into 34 equal parts, each whereof ſhall be taken 
for? a ſecond of Venus's parallax either from or upon the Sun (her hori- 
zontal parallax from the Sun being za"); and taking the whole length 
AB in your compaſles, ſet one 2 in C (Fig. 4.) as center, and 
deſcribe the circle AEBD for the Earth's enlightened dic, whoſe 
2 is 62, or double the horizental parallax of Venus fam the 


In this diſo, draw ACB tor a Tmall part of the 


ecliptic, and at 


pt angles thereto draw ECD for the axis of the ecliptic. Draw alſo 


NCS both for the Earth's axis and univerſal ſolar meridian, making an 
angle of 6* with the axis of the ecliptic, as ſeen from the Sun. 

46. This figure repreſents the Earth's enlightened difc, as ſeen from 
the Sun at the time of the tranſit. The parallels of latitude uf Londen, 
the eaſtern mouth of the Ganges, Bencozlen, and the ifland of Sr. Helena, 
are laid down in it, in the ſame manner as they would appear to an 
'obſerver on the Sun, if they were real drawn i in circles on the Earth's 
ſurface (like thoſe on a common terreſtrial globe) and could be viſible 
at ſuch a diftance—Bat, as the rules for delineating them in ſuch a 
figure are too long to be inſerted here (and would alſo occaſion a con- 
fuſion in the figure by a great many more lines than what are in it al- 
ready) ſince theſe rules are exactly the ſame as thoſe preſcribed for ſuch 


| r in the geometrical conſtruction of ſolar eclipſes, I beg leave 


to refer thoſe readers, who are not already acquainted with ſuch projec- 
tions, to my book of Aſtronomy, fold by Mr. Millar in the Strand, 
London; wherein the whole method is deſcribed. | 
47. The points where the curve-lines (called hour- circles) XI N 

XII N, &c. cut the parallels of latitude, or paths of the four places 
above mentioned, are the points at which the places themſelves would 
appear in the diſc, as ſeen from the Sun, at theſe hours reſpectively. 
When either place comes to the ſolar meridian NCS by the Earth's 
rotation 
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rotation on its axis, it is noon at that place; and the difference, in ab- 
ſolute time, between the noon at that place and the noon at any other 
place, is in proportion to the difference of longitude of theſe two places, 
reckoning one hour for every 15 degrees of longitude, and 4 minutes 
for each degree: adding the time if the longitude be eaſt, but ſub- 
tracting it if the longitude be weſt. L. aden t e 
48. The diſtance of either of theſe places from the axis of the ecliptic 
ECD, at any hour or part of an hour, being meaſured upon the ſcale 
AB in Fig. 3, will be equal to Venus's parallax in longitude ;; either on 
or from the Sun; and this parallax, being always contrary to the poſition 
of the place, is caſtward as long as the place on the left hand of 
the axis of the ecliptic, as ſeen from the Sun ; and weſtward when the 
place gets to the right hand of the axis of the ecliptic. So that, to all the 
places which ace poſited in the hemiſphere EAD of the diſc, at any 
iven time, Venus has an eaſtern parallax of longitude z but when the 
Facth's d Irnal motion carries the ſame places into the hemiſphere EH, 
the parallax of Venus is weſtward, | al 5:1 
49. When Venus has a parallax toward the caſt, as ſeen from any given 
place on the Earth's furface, either at the time of her total ingreſt or begin- 
ning of. egreſs, as ſeen from the Earth's center; add the time anſwering to 
this patallax to the time of ingreſs or egreſs at the Eatth's center, and the 
ſum will be the time thereof, as feen from the given place on the Earth's 
ſurface;ʒ but when the parallax is weſtward, ſubtract the time anſwering 
thereto from the time of total ingreſs or beginning of egreſs as ſeen. 
from the Earth's center, and the remainder will be the time as ſeen from 
the given place on the ſurface, ſo far as it is affected by this paral- 
lax.— The reaſon of this is plain to every one who conſiders, that an 
eaſtern ax keeps the planet back, and a weſtern parallax carries it 
forward, with reſpect to its true place or poſition, at any inſtant of 
tune, . from the Earth's center. an | 
50. The diſtance of any given place from the plane of the ecliptic 
ECD, at any hour or part of an hour, being meaſured on the ſcale AB 
in Fig. 3, will be * equal to Venus's parallax in latitude, which is north- 
ward from the true line of her path on the Sun as ſeen from the Earth's: 
The of latitude, ſtrictly ſpeaking, ought to be meaſured from a plane 
through the center of the Earth's diſe, and coincident with that part of Venus's orbit 
in which ſhe moves during her tranfit.—But, as ſuch a plane would cut the Earth's ſurface 
only 71 minutes of à degree ſouth of thofe places which are cut by the plane of the 


ecliptic at the beginning of the tranſit, and about 11 minutes of a degree fouth of thoſe 
places which are cut by the plane of the echptic at the end of the tranſit, the difference 


would ſcarce be ſenſible jo this projection, and may therefore be neglected ; eſpecially as 
it will not, in ſact, amount to a ſecond. of difference in Venus's parallax of latitude 


on tha diſc of the: 
Center, 
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center, jf the given place be on the ſouth fide of the plane of the 
ecliptic ; and the contrary, if the given place be on the north ſide of 
that plane ; that is, the parallax is always contrary to the ſituation of the 
place on the Earth's diſc, with reſpect to the plane of the ecliptic, as 
ſeen from the Sun. oe M9. 5 WEED. 
51. As the path of Venus, or line of her tranſit, is on the 
ſouthern hemiſphere of the Sun's diſc, it is plain that a northern paral- 
lax in her latitude will cauſe her to deſcribe a longer line on the Sun, than 
if ſhe had no ſuch parallax; and a ſouthern parallax in' latitude will 
cauſe her to deſcribe a ſhorter line on the Sun, than if ſhe had no ſuch. 
1 the longer this line is, the ſooner will her total ingreſs 
e, and the later will be her beginning of egreſs: and juſt the contrary 
if the line be ſhorter.— But, to all places ſituated on the north ſide of 
the ecliptic, in the hemiſphere AEB, the parallax of latitude is ſouth ; 
and to all places ſituated on the ſouth fide of the plane of the ecliptic, 
in the hemiſphere ADB, the-parallax of latitude is north. Therefore, 
the line of the tranſit will be ſhorter to all places in the hemiſphere AEB, 
than it will be as ſeen from the Earth's center, where there is no parallax 
at all; and longer to all places in the hemiſphere ADB. So that the time 
anſwering to this parallax muſt be added to the time of total ingreſs as 
ſeen from the Earth's center, and ſubtracted from the beginning of 
egreſs as ſeen from the Earth's center, in order to have the true time of 
total ingreſs and beginning of egreſs as ſeen from places in the hemiſphere 
AEB : and juſt the reverſe for places in the hemiſphere ADB.—It 
was proper to mention theſe circumſtances, for the reader's more eaſil 
conceiving the reaſon of applying the times anſwering to the parallaxes 
of longitude and latitude in the ſubſequent part of this article : for it is 
their ſum in ſome caſes, and their difference in others, which being 
applied to the times of total ingreſs and beginning of egreſs as ſeen 
from the Earth's center, that will give the times thereof as ſeen from 
the given places on the Earth's ſurface, ; FS. OR 
52. The angle which the Sun's ſemidiameter ſubtends, as ſeen from 
the Earth, at all times of the year, has been ſo well aſcertained by late 
obſervations, that we can make no doubt of its being 15 50 on the 
day of the tranſit ; and Venus's latitude has alſo been fo well aſcertained 
at many different times of late, that we have very good reaſon to believe 
it will be 9 43” ſouth of the Sun's center, at the time of her conjunc- 
tion with the Sun,—If then, her ſemidiameter at that time be 37 (as 


mentioned by Dr. HALLEy, it appears by the projection (Fig. 2.) that 
her total ingreſs on the Sun as ſeen from the Earth's center, will be at 
28 minutes after II in the morning (S 40.) and her beginning of 1 
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from the Sun will be 20 minutes after VIII, according to the time 
reckoned at Londnm. | Fae 54 5 

83. As the total ingreſs will not be viſible at London, we ſhall not at 
preſent trouble the reader about Venus's parallax at that time. But by 
projecting the ſituation of London on the Earth's diſc (Fig. 4.) for the 
= when the egreſs begins, we find it will then be at i, as ſeen from 

Sun. + Berry] I heh 6114 
Draw IA parallel to the ecliptic AB, and la perpendicular to it: the 
former is Venus's eaſtern parallax in longitude at her beginning of 
egreſs, and the latter is her ſouthern llax in latitude at that time. 
Take theſe in your compaſſes, and meaſure them on the ſcale 4B 
(Fig. 3.) and you will find the parallax in longitude to be 134”, and the 
| parallax in latitude to be 191“. | 

54. As Venus's true motion on the Sun is at the rate of 4 minutes. of 
a degree in 60 minutes of time (See Ne XI. of F 31.) ſay, as 4 is to 
60 minutes, ſo is 134“ to 3 minutes 23 ſeconds of time; which being 
added to VIII hours 20 minutes (becauſe this parallax is eaſtward, 
F 49.) gives VIII hours 23 minutes 23 ſeconds, for the beginning of 
egrels at London, as affected only by this parallax, —But, as Venus has 
a ſouthern parallax of latitude at that time, her beginning of egreſs will 
* for this parallax ſhortens the line of her viſible tranſit at 


355. As this laſt mentioned parallax is 19“ ſouth, add it to Venus's la- 
titude g' 43”, and the ſum will be 100 247; which is to be taken from 
the ſcale in Fig. 1. and ſet from # to L in Fig. 2. And then, if it be 
drawn parallel to 1, it will terminate at the point pin the arc T, where 
Venus's center will be at the beginning of her egreſs as ſeen from 
London . — But as her center is at / when her . as ſeen from 
the Earth's center, take Ly in your compaſſes, and ſetting that extent 
from t towards / on the central tranſit- line, you will find it to be 
5 minutes ſhorter than /: therefore ſubtract 5 minutes from VIII hours 
23 minutes 23 ſeconds, and there will remain VIII hours 18 minutes 
23 ſeconds for the viſible beginning of egreſs in the morning at London. 
. $6. AtV hours 24 minutes (which is the middle of the tranſit as ſeen 
from the Earth's center) Landon will be at L on the Earth's diſc, (F Ig. 57 
as ſeen from the Sun. The parallax of longitude La is then 174; by 


The reaſon why the lines Lp, «Bb, ct, and th, which are the viſible tranſits at 
Dendon, the Ganges mouth, Bencoolen, and St. Helena, are not parallel to the central 
tranſit-line #:/, is becauſe the parallaxes in latitude are different at the times of ingreſs 

and egreſs, as ſeen from each of theſe places. The method of drawing theſe lines will 


__ which, 
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which, working as above directed, we find the middle of the tranſit ag 


. ſeen from London, to be at V hours 28 minutes 1 5” — This! is not affected 


by the parallax of latitude Lt. But Lf meaſures 24. on the ſcale AB 
(Fig. 3.) therefore take 24. from the ſcale in Fig. 1. and ſet it from ? 
to L, on the axis of Venus's path in Fig. 2. and laying a ruler to the 
point L, and the above found point of egreſs p, draw op for the line 
of the tranſit as ſeen from London. 

57. The eaſtern mouth of the river Ganges is 89 degrees eaſt from 
the meridian of London; and therefore, when the time at London is 28 
minutes after II in the morning, (F 40.) it is 24 minutes paſt VIII in 
the morning (by Y 47.) at the mouth of the Ganges; and when it is 
20 minutes paſt VHI in the morning at London (& 40.) it is 16 mi- 
nutes paſt II in the afternoon at the . Therefore, by projecting 
that place upon the Earth's diſc, as ſeen from the Sun, it will be at G 
(in Fig. 4.) at the time of Venus's total ingreſs, as ſeen from the Earth's: 
center, and at g when her egreſs begins. | 

Draw Ge parallel to the ecliptic ACB, and gC coincident with it ; and 
meaſure them on the ſcale AB in Fig. 3. the former will be 227 1 for: 
Venus's eaſtern parallax in longitude, at the abovementioned time of 
her total ingreſs, and the latter will be 164 for her weſtern parallax in 
longitude at the time when her egreſs begins. —The firſt parallax gives 
5 minutes 34 ſeconds of time (by the analogy in 8 54.) to be added to 
VIII hours 24 minutes, and the latter parallax gives 4 minutes 11 ſeconds.” 
to be ſubtracted from Il hours 16 minutes, by which we have VIII 
hours 29 minutes 34 ſeconds, for the time of total ingreſs as ſeen from 
the ba oh of the Ganges, and II hours 11 minutes 49 ſeconds for the 
beginning of egreſs, 

Draw Gf perpendicular to the ecliptic ACB, and by meaſurement on 
the ſcale AB (Fig. 3.) it will be found to contain 62"; which being 
taken from the ſcale in Fig. 1. and ſet off ſouthward from the point of 
total ingreſs &, (in Fig. 2. as ſeen from the Earth's center) parallel to the 
axis of Venus's path, it will fall into the point c on the arc N.—Draw- 
CY (which might be parallel to the central tranſit-line r and taking the 
extent te in your compaſſes, and applying it from F towards &, you will. 
find it to fall a minute ſhort of ; which ſhews that Venus's paralſax i in 
latitude ſhortens the beginning of the line of her viſible tranſit at the 
Ganges by one minute of time. Therefore, as this makes the viſible 
ingreſs a minute later, add one minute to the above VIII hours 29, 
minutes 34 ſeconds, and it gives VIII hours 30 minutes 34. ſeconds 
for the time of total ingreſs, in the morning, as ſeen from the eaſtern 
mouth of the Ganges. At the beginning of egreſs there is no * 
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of latitude, and therefore the time is II hours 11 minutes 49 ſeconds 
in the afternoon. + 
58. It appears 4. chat dh of the Ganges will be but 
| 85 little to the — F the plane of the ecliptic at the middle of 
the tranſit, and directly in that plane of the beginning of egreſs: there- 
fore, if from c (in Fig. 2.) the point of total ingreſs, the line ct be 
drawn, it will be the viſible line of the tranſit at the mouth of the 
Ganges. ; 
2755 Benevolen is 102 degrees eaſt from the meridian of Laid, and 
. therefore, when the time is 28 minutes paſt II in the morning at London, 
it is 16 minutes paſt IX in the morning at Bencoolen, and when it is 
20 minutes paſt VIII in the morning at London, it is 8 minutes paſt III 
in the afternoon at Bencoolen, Therefore, in Fi ig. 4, Benccolen will be 
at Bat the time of Venus's total ingreſs as ſeen from the Earth's center 
2 at þ when her egreſs begins. 
| Draw Bi and && parallel to the ecliptic ACB, and meaſure them on 
te ſcale; the former will be found to be 21” for Venus's eaſtern parallax 
in longitude at the time of her total ingreſs, and the latter to be 22” for 
her weſtern parallax in longitude when her egreſs begins, as ſeen from 
the Earth's center. The firſt of theſe parallaxes gives 5 minutes 15 
ſeconds (by the analogy in 5 54.) to be added to IX hours 16 minutes, 
andthe latter parallax gives 5 minutes 3o ſeconds to be ſubtracted from 
HM hours 8 minutes; whence we have IX hours 21 minutes 1 5 ſeconds 
for the time of total ingreſs at Bencoolen; and III hours 2 minutes 
30 ſeconds for the time when the egreſs begins _— as affected by 
_ theſe two parallaxes. 
95. Draw Bo and m perpendicular to the ecliptic ACB, and meaſure . 
them on the ſcale AB : the former will be 82” for Venus's northern paral- 


lar in Agtitude, as ſeen from Bencovlen at the time of her total ingreſs z 


and ie latter will be 12“ for her northern parallax in latitude when her 
egreſs begins. Take theſe parallaxes from the ſeale in Fig: 1. in your 
compaſſes, and ſet them off above the central tranſit- line, perpendicular 
to the axis of Venus's path; the former from the left-hand of & (F Fug. 2. p.) 
to a in the arc N, and the latter from the right-hand of / to | 
arc T; and draw Bb for the line of Venus's tranſit as ſeen 1 co 
Bencoolen :+ the center of Venus being at a, as ſeen from Bencoolen, at 
the moment of her total ingreſs ; and at & at the moment when her 

egreſs begins. * 
But as ſeen from the Earth's center, the center of Venus is at & in 
the former caſe, and at /in the latter: fo that we find the line of the 
tranſit is longer as ſeen from Bencoolen than as ſeen from the Earth's | 
E 1 center, 


* — 
— 
— — — <<< — 


iſland is 6 weſt from the meridian of London, and the ſaid egreſt begins 
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center, which is the effect of Venus's northern parallax in latitude. Take 
Ba in your compaſſes, and ſetting that extent from t toward g on the 
central tranſit- line, you'll find it will reach two minutes beyond + 
thereon: and taking the extent Bb in your compaſſes, and ſetting it 
from t towards ww on the central tranſit-line, it will be found to reach 
24 minutes beyond / thereon. Conſequently, if we ſubtract 2 minutes 


from IX hours 21 minutes 1 5 ſeconds (above found) we have IX hours 


19 minutes 15 ſeconds, in the mor ing, for the time of total ingreſs 
as ſeen from Bencoolen : and if we add 2 minutes 30 ſeconds to the 
above- found III hours 2 minutes 30 ſeconds, we ſhall have III hours 


5 minutes o ſeconds after noon, for the time when the egreſs begins 


as ſeen from Bencoolen. | | 
60. The whole duration of the tranſit, from total ingreſs to begin- 

ning of egreſs, as ſeen from the Earth's center, is 5 hours 52. minutes 

(by § 40) but the whole duration from total ingreſs to beginning of 


egreſs, as ſeen from Bencoolen, is only 5 hours 45 minutes 45 ſeconds; 


which is 6 minutes 15 ſeconds leſs than as ſeen from the Earth's 


- 


center: and this 6 minutes 1 5 ſeconds is the whole effect of the paral- 


Bencoolen. : 8 7] „ 0” 
But the duration as feen from the banks of the Ganges, from ingreſs 


— 


to egreſs, is ſtill leſs; for it is only 5 hours 41 minutes 15 ſecondss 


which is 10 minutes 45 ſeconds leſs than as ſeen from the Earth's | 


center, and 4 minutes 30 ſeconds leſs than as ſeen from Bencuolen. 

61. The iſland of St. Helena (to which only a ſmall part of the 
tranſit is viſible at the end) will be at H (as in Fig. 4.) when the egreſs 
begins as ſeen from the Earth's center. And ſince the middle of that 


laxes (both in longitude and latitude) on the duration of the tranſit at 


when the time at London is 20 minutes paſt VIII in the morning, it 


will then be only 56 minutes paſt VII in the morning at St. lens. 


Draw Hn parallel to the ecliptic ACB, and Ho perpendicular to it; 
and by meaſuring them on the ſcale AB, (Fig. 3.) the former will be 


found to amount to 27” for Venus's eaſtern parallax in longitude, as 


ſeen from Sr. Helena, when her egreſs begins as ſeen from the Earth's 


center; and the latter to be 10“ for her northern parallax in latitude . 
at that time. | A 


By the analogy in 5 54, this parallax of longitude gives 6 minutes 


onds of time ; which being added (on account of its being eaſt- 
ward) to VII hours 56 minutes, gives VIII hours 2 minutes 4 5 ſeconds 
for the beginning of egreſs at Sr. Helena, as affected by this paral- 


lax, —But 10” of parallax in latitude (applied as in the caſe of Ben- 


e 


* 


* 
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Treolen) lengthens out the end of the tranſit- line by 2 minutes 24 ſeconds ; 
which being added to VIII hougs 2 minutes 45 ſeconds, gives VIII 
hours 5 minutes 9 ſeconds for "the " om. of egreſs as ſeen from 


St. Helena. | | { | n | 
61. We ſhall now collect the abovementioned times into a ſmall 
table, that they may be ſeen at once, as follows. M ſignifies morning, 
- A afternoon. | | WE | 
Fry v9 0! Total ingreſs. | Beg. of egreſs. | Duration. 
F H. M. 8. H. M. 8. H. M. 8. 
* The Earth's center II 28 OM. VII 20 oM.| 52 © 
ILond n Invifible. M. VIII 18 23 M. — — 
At The Ganges mouth VIII 30 34 M. II 11 49 A. 41 15 
Bencoolen— IX 19 15, M. III 5 0 A. 45 45 
St. Helena - '= - Invifible. M. VIII 5 9 M. — — 


| aw | 


5 1 . N 
: 62. The times at the three laſt mentioned places are reduced to the | : 
"meridian of London, by ſubtracting 5 hours 56 minutes from the times 
of ingreſs and egreſs at the Ganges; 6 hours 48 minutes from the times , 
theregf at Bencoolen ; and adding 24 minutes to the time of beginning 
- of egreſs at Sr. Helena: and being thus reduced, they are as follow. 


” " } 


. pc; Total ingreſs. | Beg: of egreſs. 
of a 8 ; Bey 1 34 Kor 0 S. H. M. 8. | 
p | imes at ¶ Ganges mouth - II 34 34 M. VIII 15 49 M.) Di 
e, - - II 31 15 M. VII 17 oM. 8 
for (Sr. Helena - Inviſible, M.] VIII 29 9 M.) 1 


| 


683. All this is on ſuppoſition, that we have the true longitudes of | 
the three laſt mentioned places, that the Sun's horizontal parallax 


5 is 1259 that the true latitude of Venus is given, and that her ſemi- | * 

4 diameter will ſubtend an angle of 37 on the Sun's diſc. | | 

b As for the longitudes we muſt ſuppoſe them true, until the obſeryers 

% aſcertain them, which is a very important part of their buſineſs; and _ 

F without which they can by no means find the interval of abfolute time 

: that elapſeth between either the ingreſs or egreſs, as feen from any two * 
* given places: and we depend mich more upon this elapſe than upon y 


the whole contraction of duration at any given place, as it will un- 
doubtedly afford a ſurer baſis for determining the Sun's parallax. 


64. I have good reaſon to believe, that the latitude of Venus, as 
given in & 31, will be found by obſervation to be accurate; but that the 
e N * time 


# * 
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time of conjunction there mentioned will be found to ;, 


the true time by almoſt 5 minute at Venugs: ter will 

ſubtend an angle of no more tha gr on the Sun's liſo and that 
the middle of her tranſit as * rom the Earth's center will be 
at 29 minutes after V in the morning; as reckoned by the equal time 
at London. * 

65. By adapting the abovementioned projections to theſe laſt - nut» 
bers, ſuppoſing the Sun's horizontal parallax to be 124”, and reducing 


all the times to the meridian of . 1 find theſe times to be as 
follow : | 


Total 8 Beg. of egreſs. Duration. 
H. M. 8. H. M. 8. H. M. 8. 
The Earth's center - Il 30 o VIII 28 of 5 58 o©' 
London — — | Inviſible, VIII 26 g7|— H— — 
At( Ganges mouth — II 37 VIII 24 20| 5, 47 20 
Bencoolen— II 34 25| VIII 25 50] 5 51 25 
Sr. Hus — Ixible. [VIII 30 151l— : — 
Als Fic morning. e 


66. Subtract vim hours 26 minutes 37 ſeconds, the time 1 the 
egreſs begins at London, from VIII hours 36 minutes 15 ſeconds, the 4 
time reckoned at London when the egreſs begins at Sr. Helena, and 
there will remain 9 minutes 38 ſeconds (or 578 ſeconds) for the dif- 
ference, or elapſe, in abſolute time, between the beginning el as 
ſeen from theſe two places. 

Divide this elapſe of 578 ſeconds by the Sun's ; parallax I 225 and the 

uotient will be 46 ſeconds, and a ſmall fraction. So that for each 
er of a degree in the Sun's horizontal parallax (ſuppoſing it to be 
122) there will be a difference or elapſe of 46 ſeconds of abſqlute time 
between the beginning of egreſs as ſeen from London, and as ſeen from 
St. Helena : and conſequently, 23 ſeconds of time for every half ſecond 
of the Sun's parallax ; 124 ſeconds of time for every fourth part of a 
ſecond of the Sun's parallax; 3 6+ ſeconds of time for the eighth part of 
a ſecond of the Sun's parallax, and full 3 ſeconds for a ſixteenth pary |; 
of a ſecond of the Sun's parallax. | 

For, in ſuch a ſmall angle as that of the Sun's parallax, the arc 1s 
equal both to its ſine and to its tangent : and therefore, the quantity of 
this parallax is in direct proportion to the abſolute difference in the time 
of egreſs _— from it, at difterent 9818 of the Earth. 


6 5 beet, 
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1" 65. Therefore, when this difference is aſcertained by | obſerva 
tions, made at different places, and compared together, the true quan- 
tity of the Sun's parallax will be very nearly determined. For, fince 
it may be preſumed that the beginning of, egreſs ean be obſerved 
within 2, ſeconds of its real time, the Sun's parallax may be then 
found within the'23d part of a ſecond of its true quantity ; and 


conſequently, his diſtance may be found within a 287th part of 


the whole, provided his parallax be not leſs than 127"; for 23 times 
121 is 287.5. | THEY IE 
67. But fince Dr. HALLey has aſſured us that he had obſerved the 
two internal contacts of the planet Mercury with the Sun's edge, fo 
exactly as not to err one ſecond in the time thereof, we may well ima- 
gine that the internal contacts of Venus with the Sun may be obſerved 
with as t accuracy. For, although the real motion of Mercury is 
quicker than the motion of Venus, yet Venus is ſo much nearer the 
Earth than Mercury is in ſuch tranfits, that Venus's apparent motion on 
the'Sun is very near as quick as Mercury's; and as Venus is a much 
bigger planet than Mercury, and alſo much nearer. the Earth at the 
time of the tranſit than ever Mercury is, a greater part of the Sun's 
limb will ſeem to be inſtantaneouſly broke by the contact of Venus, 
than by the contact of Mercury; and therefore her contact will be 
ſo much the more readily perceived. So that we may hope to have 
the abſolute interval between the moments of her beginning of egreſs 
as ſeen from London and from St. Helena true to a ſecond of time; 


and if (6, the Sun's parallax may be determined to the 46th part of 


a ſecond, provided it be not leſs than 121“; and conſequently his 
diſtance may be found, within its 57oth part, for 46 times 12+ is 


575: which is ſtill nearer the truth than Dr. HaLLey expected it 


might be found, by obſerving the whole duration of the tranſit in: 
the Eafi-Indies and at Port. Nelſon. So that our preſent Aſtronomers 
have judiciouſly reſolved to improve the Doctor's method, by taking 
only the interval between the abſolute times of its ending at different 
places. And if the Sun's parallax be only 107", the interval between the 
time at St. Helena and: at London will be 48 5 ſeconds, which divided 
by 10, gives full 46 ſeconds ; which will determine the Sun's diſtance- 
within its 480th part; for 46 times 105 is 485.—If the. Sun's: 
parallax be greater or leſs than either of the above aſſumed quath- 
tities, the * won between the. beginning of egreſs at London and: 
at St. Helena will be greater or leſs than the above number of 
teconds accordingly. | 


68. 1 


W 


V+, 
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; 68. J have calculated the ſollowing table, to, ſhew hat the Sun's 


real diſtance muſt he, in Engliſh miles; for ev 
roth part of a ſecond of his partiliax,” from 1 


to 12 
3985 Engliſh miles. 


69. There will be a much greater difference 
between the abſolute times of egreſs at St. Helena 


and the northern parts of Ruſſia, than between 
theſe times at Sr. Helena and London. The dif- 


ference between them at Tobolſt in Siberia and 


at St. Helena will be 114 minutes: at Archangel 
it will be but about 40 ſeconds leſs than at 
Tobolſe, and only a minute and a quarter leſs at 


Peterſburg, even if the Sun's parallax be no 


more than 10z”. At Varabus the ſame advan- 
tage would nearly be gained as at Toboiſe : but 
if the obſervers could go {till farther to the eaſt, 
as to Tatouiſt in Siberia, the advantage would 
be ſtill greater; for, as Mr. De L'IsLe very 
juſtly obſerves, in a memoir preſented to the 
French king with his map of the tranſit, the 
difference of time between Venus's egreſs from 
the Sun at Yakoutſe and at the Cape of Good 
Hope will be 134 minutes. 

Fo. The abſolute time of the beginning of 


- egreſs is very nearly the ſame both at the Cape 


of Good Hope and St. Helena. Therefore, if we 
ave good obſervations from St. Helena, and 
from Peterſturg, or Tobolſe ; but eſpecially from 


Yahoutſe, where there will be a difference of 


810 ſeconds of time (which is 325 more than 
between St. Helena and London) even upon 
a ſolar parallax no greater than 104“, this 
would give 77 ſeconds ob time for every ſecond 
of parallax, and conſequently would aſcertain 


the Sun's parallax to the 77th part of a ſecond 


of the truth, and his diſtance to within the 


; ſtating the diameter of the Earth at 3 8 


10. 82 196 604 


11. 2 74 330 978 


1 
i 

111.4 - 73 020 041. 
a 


* 


* 4 
» 


# 3 


ws 


. Suns His diſtance | 


in Engliſh 


4, 


32 — 


10.1 81 541 135 
10.2 - 80 885 666 
10.3 - 80 230 198 
1044 - 79 574 729 
110.5 - 78 919 260 
130.6 - 78 263 791 
110.7 - 77 608 322 
110.8 - 76 952 854 
10.9 - 76 297 385 
11. 75 641 916 
11.1 -.74 986 447 


”o" 


- 


11.3 - 73 675 509 


11.5 72 364 572 


11.6 - 71 709 203 | 


[11.7 - 71 053 634 
+11.8 - 70 398 166 


11.969 742 697 


112. = 6g 087 228 
12.1 68 431 759. 
12.2 67 770 290 
| 12.3 - 67 102 822 
12.4 66 465 385 
12.5 65 809 84 


CON 1655 469 


| I 2 | 
for g of 1 of paral. 


goodth part of what it really is; for 77 times 10 is 808+, 
71. This method requires that the longitude of each place of ob- 
ſervation be aſcertained to the greateſt degree of nicety, and that each 


obſerver's clock be exactly regulated to the equal time at his place: for 


without 


Re * : 
„ „% A. Pu fun the R. an 


particulars, ie would be umpoſtble fx the obſervers j * 
any given ian; 


pk 


and without reducing the obſaryed yimes of egrofs at different places to 
the time at ſome gived place, the abſblute time that el between 
Sr | Bat every „ 
n longitude can be the 
eclipſes of Jupiter ; 
the clock, may 
30 dagtees of 
9 eaſt and weſt 


3. ar- may be divided into any 
| equal parts, anſwering 20 any aſſumed quantity 
| horizontal dil Som che Jun (orhick;is al . dieren 
 beqwern the n 


g. 


5 
1 
E 


7 
5 


parallax mi ection will 
anſyyer to parts, is the 
fame le in all other 
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ſemidiameter of Ven 


perpendicular Here, the polar tranſit · lines will be 


the. ſaid; 


. 4 
That the 
enus is g 4% bad. 6. 'Thatthe true motion of 


at London. © 3. That the Sun's ſemidiameter is then 1 
will meaſure zu on the Su 


geocentric latitude of 
Venus on the Sun is 4 of a degree in each hour of her tranſit, as 
ſeen from the Earth's center. And, 7. That the angle which the 
Earth's axis makes with the Axis of Venus $ orbit is 1 75 ag ſeen | from 
the Sun. 

According to theſe nd the times af firſt INES, total en 
middle of the tranſit, beginning of egreſs, and laſt contact of Venus 


with the Sun, as ſeen from the Earth's center, from Tobol/e;/ from tile 


Ganges mouth, from London, Bencoolen, and St. Helena, are as ed 

in the following table. How near they are to the truth, can be de- 

2 only by abſervation z and to that teſt I villinghy ſubmit 
em. 

4. In projections of this kind, it may be eafily conceived, that « 

right line paſſing continually through the center of Venus, and a given 


point of the Earth, and 9 to the Sun's diſc, will mark the path | 


of Venus on the Sun as ſeen from the given point of the Earth: and in 
this there are three caſes. 1. When the given point is the Earth's center, 
at which there is no parallax, either in longitude or latitude. 2. When 
the given point is one of the poles, where there is no parallax of longi- 
tude ; but a of latitude, whoſe ny ty is eaſily determined, 
by letting fall a perpendicular from the pole u the. ane of the 
ecliptic (or more properly on a plane which eas thiog 

center, and being produced ta the Sun, coincides wi 
Venus s path thereon) and ſetting. off the 


central; as the poles haue no motion ariting from the- 's diurnal 


rotation. 3. The laſt caſe is, when the iven 82 of the Earth is any 
: then there is 
2 parallax: in latitude. proportional to the act ava, r let fall upon the 
ax in longitude = 


point of its ſurface whoſe: latitude-is leſy 


—— ſaid plane, from the given. paint ; and a 
portional to the perpendicular Jet fall upon the axis of that plane, fr 


the' Earth's. 
the line of 
lax of latitude on this 
rallel to the 


given point. And the effect of this laſt will — ahis 
tranſit- line, both in poſition and length; and will prevent its being 


parallel to the central tranſit- line, unleſs when its axis and the axis of 
the Earth coincide, as ſeen from the Sun; which is a ny chat : 


may. not mage. in many ages. 


* 


f it; 7 | 
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1-3 | en e340 ; ; 18 
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I 26 57M vu 26 26 
37 MIVHI:36 51 MIVIII-36 11 
III 46 4 NM II 45 56 


47 3 $.. 3%. 3 


" 21 H. M. 8. 
| 6 38 © Tinea of eee V 
Toning of « -; | 6 18-0 | -hours 50 minutes 32 ſeconds 
begining egreſs" 5 58 0 inthe morning. hy 


n * f ; 83 5 | 75. It 


9 

8 migutey 5 — or "FE 2 fo that 
difference in 6 the Sun's NE 

of time in the interval. een 
ſequently 414 ſeconds of time ihe: Tex —— in the di 
parallax, and fo on.— But as theſe numbers ate only deduced 
projedtion, and not ffona computation, they eannot be fo much 
depended upon, as if they had been computed arkhynetically ; which I 


confeſs I goings 

76. In. a chere will be a, tranſit of Venks over the 
gun on the thad of June, much better for in the Sun's 
parallax by Dr. HaLLyv's method than this trapfit is: but ne part of 
it will be vifible in Britain. Far the time of _ co Lag with 
the Syn will be a quarter after X in the 
time it wil be near midnight at Tarzee in 
will then be only e ela ae in Ln: but a th p 
whole of the tranſit will be viſible there, excepting only! a fittte: part 
about the middle, which is of nd conſequence.—At that time the Sun 
will de vertical in the Great Sauth See in north latitude aa degrees,.. 
| and weſt longityde from the meridian of London 154 degrees. . 
time, it wilkbe. about half an Hur pet X in the Al r 


E pro- 
per obſervers are ſent to. Tuπα and: to ſome of theſe 1 nd they 
wil have the like advantage as was mentioned by Dri HATE, 


with regerd to the motion of places about the and the- 
motion of Port. Nelſon. For — have a contrarꝝ mo- 
tion to that of Venus, whiich. will! accelerate har motion an the Sun 6 
ſeen from them; and Torneo will: have. a motion. the Game: way-as that 
of Venus which will retard her motion on the Sun as ſten from it. 
Moreover, as ſeen from Thrng, Menus will have a {outhery- parallax of 
latitude. on the Sun, which will prolong the line of her tranſit, as it 
will he on the: northern hemiſphare of the gun; and as ſeen: from th. 
Solomon les ſhe will have a notthern paraHiaxe. of: latitude, which 
contract the length of the tianſſt-lins : and —— there wil 
de almoſt the greateſt poſſible difference in the the tranſit 
at chaſe two places. Ae to de — — gs 
| * 
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45 
labour will be that there will not be 
ſpared in duly obſerving — 


I IG 


04 ARTICLE VI = 
Concerning the map of the tranſit. Plate IV. 


77. The title of this map, and the lines drawn 
HAN EN I RE — 
minutes] on the dotted lines, err 1 
ſeems requiſite. 
78, So far as I can examine the 0 Sy ul voy. res globe, the black-curve 
| r * tranſit will 
fun-riſing or — to places through 
n i to the times mentioned in the map; 
ion much whether e tranſit IR hogs ee 


lines are truly laid down, for ſhewing at w 
begin, or end, at 
which th 


a 
5 enus in the Sun's 

ſeems to be a little too far weſt in the 

outh of g Mime: but in - I think it is well. 


palagyr pry oper M. Dr L/tsr.z's map of the tranſit 
me. And oo andrea unter 


& beg] 
of 


fi 
map, Sur cit fog 


* That in his the times are computed to the meridian of Paris; 

in this, they are tothe meridian of London. 2. I have 
— * ection 1 by which, F ap» 
that the lack curve lines, ſhewing at what places the tranſit: 


— RG wird the riſing or ſetting ſon, appear more nataral to 
eye; and are more fully ſeen at once, than in the map fram which 
copied: for, in that map, the lines are | and broke in the 
— Gpees hemiſpheres; and the places where they ſhould * 
ived' fo readily by thoſe who are not well ſkilled 
in 2 * ſtereo graphical vt Arp like may be faid of 
many of the dotted curve lines on which are expreſſed the hours and 
minutes of the beginning or ending of the tranſit, which are the abſo- | 
Jute times at theſe places through which the lines are drawn, computed - 
w the meridian of Lomndort.. N 8 Ya, 
Oy : 


-* wa 
oe © ' 
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- | 8o, The, total exit of Venus from the Sun, as ſeen from all the 

places for which I have projected it, comes within a minute of the time 
men for the like places in the map; but the times of her firſt con- 
tat, or entrance on the Sun, are widely different; although the map 
is accommodated to the ſame parallax of the Sun that I have aſſumed 
in the large projection mentioned in pag. 41. According to the map ; 
the time of 9. firſt contact, at Tobolſe and Bencoolen, is about 
28 minutes later than I can find it to be by projection: and as I am 


| q ite unable to find the reaſon of this difference, I muſt leave it to be 


d out by thoſe who have more {kill in this branch of ſcience. 


* 


ier 


| Containing an extraft from a paper in the Conn it 


des Temps * for the year 1761, titled thus : 


Of the poſſge of Venus an the Sun's diſe, to be obſerved 


the 6th of June 1761, and the importance of that 
phenomenon. - e | arenas” 
Ihe conjunction of Venus with the Sun is actually the moſt in- 
tereſting, as well as the moſt uncommon appearance, the heavens 
preſent to us. For more than a century paſt it has been predicted, 
as to happen in the year 1761; Aſtronomers have been e&xtolling 
the uſe that may be made of it, and exhorting all who ſhalt have 
the good luck, to ſee it to profit as much as poſſible by fo famous an 
obſervation. FN | 
And indeed, what would not one undertake in the proſpect of this 
rare phenomenon ? whoſe advantages once let flip, : could not be re- 
trieved by any effort of genius, by the moſt unwearied ſtudy, or even 
by the encouragement of the greateſt princes. But as it will be neceſ- 
fary, if we would make a proper uſe of this tranſit, that it be obſerved 


in America and in the Ea/t-Indies, we found ourſelves obliged to 


give the following account of it; earneſtly recommending it to the 
conſideration of all perſons capable of lending their aſſiſtance in the. 


preſent inquiry. Ta -+ 


; R ? | . | | * f 
The author of this paper is M. De la Lande of the Royal Academy of Sci „ 


Paris. | 
3 Ps e * 
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Kepler having, from Hebo's obſervations, compoſed his Rudaſphine 


Tables, ſaw very well that Mercury and Venus muſt ſometimes paſs 


over the diſc of the Sun ; and accordingly gave notice of two tranſitsyg 


Venus, one in the year 1631, the other in 1639, in a quarto pamphlet 


publiſhed at Lerpfic 1629, ( Admonitio ad A¶ironomos rerumgue cœleſtium 
fludiofos de miris rariſque anni 163 1 phenoments, Venerts puta & Mercurii 
in Solem incurſu.) Kepler died a few days before that which he had 
fixed for the tranſit of Venus 1631; and Gaſſendi who looked for it 
at Paris was diſappointed. (Vid. Mercurius in Sole viſus, & Venus 
inuiſa.) The truth is, a ſmall degree of inaccuracy in the Rudol- 
pbine Tables gave a tranſit of Venus in 1631, when there was 
none; and gave no tranſit for 1639, the year in which: it actually 


8 a d 
Honk Rox, a young Engliſh Aſtronomer, having amuſed himſelf with 
calculating Ephemerides from the tables of Lanſberg (far leſs correct 
than thoſe o 


Venus would over the Sun in the year 1639; and prepared him- 
ſelf to make this obſervation. Lanſberg's Tables gave an error of 16' in 


latitude, and the Rudo/phine Tables only an error of 8. But the error 


of Lanſberg elevated Venus too high on the Sun's diſc, and that of Kepler 


made her paſs entirely below it. By this means, very bad tables produced 
an excellent obſervation ; they were in eſteem, at that time, becauſe 


they had not been examined ; and their author had puffed them with 
an impoſing aſſurance v. Here follows the whole of Horxrox's obſerva- 
tion, extracted from a paper which he drew up in 1640, a little before his 


death, and which HeveLivs publiſhed' in 1662, at the end of his 


Mercurius in Sole. viſus, pag. 111. | 

The 24th of November, old ſtyle, Venus entered the Sun's: diſc, 
about 6+ degrees from his nadir, that is, from a vertical line drawn. 
through his center. 7 „ | 4 


* The, French writers 2 noted for their candor and politeneſs toward the 
learned of other nations. We muſt therefore impute the flight and very faulty account 
here given of Mr. HoxROx and his obſervations to the author's being unacquainted with 
his hiſtory and ſtudies, Mr. HoxROx's poſthumous works, publiſhed by Dr. WATT Is, 
would have informed him, that this incomparable youth was ſo far above the rank of an 
Almanack-maker, or an implicit collector from tables, that he truſted to no, tables what - 
ever, till he had corrected them from his own obſervations. That he did not, as in- 
finuated, ſtumble on the tranfit of Venus through the errors of Lanſberg; but was led 
ts it by his own corrections of her motions.— That from the 15th to the 23d, the laſt 
your F his life, he had cultivated all parts of Aſtronomy with ſuch affiduity and ſucceſs, 
in a few years more, he muſt have carried it as far as it could go without the help of : 


> . 


Sir Ic Ac Nxwron's principles. 


_ Att 


47. 


concluded from thence, the firſt of any, that 


x6 The method of fang the Diſtances | 
At III hours 15 minutes the diſtance of the centers of the dun and 
Venus was 15 39", ar III hours 45 minutes it was 14 40”, and at 
III hours 4 5 minutes, the diſtance was 14 . All this on the fuppoſi- 
tion that the Sun's diameter was 32 36”; as I find it muſt have been at 
;that time. The diameter of Venus, meaſared feveral times, feemed 
to be at moſt 1 18”, If this quantity is not quite exact, the error n 
rather in exceſs ; for Lam ſure Venus's diameter was not greater than 
this. And indeed, Mr. Cxabtrer, à friend of Mr. Horrox's, who lived 
about 8 leagues off, to whom he had given notice of this phenomenon, 
T. at no more than 2 parts of the Sun's diameter, that is, 
ut 1 8˙. | | 
Horrox's obſervations were made near Liverpool in Lancaſhire, in 
latitude 53* .20', longitude weſt from Paris 14 minutes 1 5 of 
time, by projecting Sun's diſe through a teteſcope. And the con- 
cluſions he draws, which 1 have reduced gs above to a folar diameter 
of 32' 36”, are as follow. The differences in longitude 1o' 46”, 
9 42”, 9 To”; latitude of Venus 11 21”, 1 6”, 10 46”, for the 
res in above mentioned reſpectiveiy. It was to 
Inſert thefe obſetvations 


„that they may be compared with thote of 


235 years 2 hours 10 minutes 9 
ton more to the north by 11' 33“; and after 243 
43 minutes, in a point more to the ſouth by 19" 8”, 
conjunction is in the year next after a biſſextile, it will happen a day 
later, | ry | | 
The intervals of the conjunctions at the node are ſome- 
what different. The ſecond happens in a period of 8 years wanting 
more to north 
ſhe is 9 
uſt 


2 days 6 hours 55 minutes; Venus 
19' 58“. After 235 years 2 days 8 hours 18 minutes, 
more ſoutherly + if the firſt year is a biſſextile, a day muſt be 
In fine, after 245 years o days 1 hour 23 minutes, the conjunction 
2 ro 37" more to the north; or a day later, if the firſt year was 
iflextile, It is ſuppoſed, as in the old ſtyle, that all the centurial years 
Henoe 


are biſſe xtiles. 
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Hence Mr. Haizy finds the years of the vulgar zra. in which a 
tranſit may happen at the aſcending node, in the month of November, 


Name 


to be thele, —918, 1161, 1396, 1631, 1639, 1874, 2109, 2117: alla 
the tranſits in the month of May, old ſtyle, at the deſcending. node, 
to belong to the years 1048, 1283, 1291, 1518, 1526, 1761, 1769, 


— 


1996, 2004. 


In the firſt caſe, Mr. HAL LEV makes the viſible inclicetion of Venus's | 
orbit to be 9 5, her horary motion 4 . In the latter, old ſtyle, he 


finds the vifible inclination to be 8* 28', and the horary motion 4 o”. 
In. either caſe, the greateſt poſſible duration of a tranſit is 7 hours 
56 minutes. 

Mr. HALLEY could even then conclude, that if the interval 
in time between the two interior contacts of Venus with the Sun 
could be meaſured to the exactneſs of a ſecond, in two places 
properly ſituated, the Sun's parallax might be determined with- 
in its goodth part. But ſeveral years after, he explained this con- 
clufion more fully, as follows. Philoſ. Tranſ. Ne 348, pag. 454, or 
Jones s Abridgment, pag. 230. 2. 3 

[ As- the third — rem pag. 14 to pag. 25.) contains the Doctor's 
whole Diſſertation here referred to, there is no occaſion fer 1 it again; 
and therefore, we ſhall proceed to the reſt of M. De la Lande's memoir in the 
Connoiſſance des Temps. ] | 
M. Dr LIs LI has uſed the ſame method of projection to find the 


* 


effect of the parallaxes in the tranſits of Mercury (Mem. de I Acad. 


1743, pag. 419). 8 3 2 

The calculations at th 1 of this book * differ much from 
Mr. HaiLEv's, being done from his own new tables, together with 
the new elements of nutation and aberration, the place of the node 


determined by M. De la Caille, in the year 1747, and its annual 


preceſſion of 190 12, from the attraction af the other planets, as com- 
puted by myſelf (Mem. de Þ Acad. 1 7 54). This difference of elements 
requires ſeyeral new tions in findin 

which purpoſe I ſhall uſe a method that is independent of projections, 


and analogous to that which I employed for computing from the ob- 
ſervations of Mercury (Mem. de Þ Acad. 17 54). | 


I ſuppoſe the geocentric latitude of Venus at the time of the conjunc- 
tion to be ꝙ 53.1 ; the Sun's diameter 31 372 that of Venus 1 15”; 
_ the Sun's parallax 10”; that of Venus 35 13; the difference of the 
Parallaxes 25".13 ; half the time of the tranſit, ſeen from the Earth's 


® Theſe calculations are inſerted at the end of this article. | 
G center, 


g the effect of the parallaxes; for 


* 
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center, 3 hours 8 minutes 2 ſeconds, Having computed the angle of 
the vertical circle with the meridian, for the given time and place, I add 
to it 6 g' for the angle which the meridian makes with the circle of lati- 
tude in the forenoon, and ſubtract the ſame angle in the afternoon ; the 
ſum or difference being the angle which the vertical makes with the 
circle of latitude, And comparing this angle with that of the orbit and 
circle of latitude, which is 98* 43o' for the ingreſs, and 8 15 30 for the 
egreſs, I get the angle of the vertical with the orbit ; from whence it 
will be eaſy to deduce Venus's parallax from the Sun, both upon the 
orbit itſelf and upon a line perpendicular to it. The former, which I call 
the parallax of longitude, will retard both the ingreſs and egreſs if 
they happen before noon, and will accelerate them if they happen in 
the afternoon ; each ſecond of longitudinal parallax producing 1 5.06 54 
ſeconds of time, and fo proportionably. The parallax of latitude will 
ſhorten. or lengthen the chord which the planet deſcribes on the Sun's 
diſc, and conſequently the ſemiduration of the tranſit ; every ſecond of 
this parallax will make a difference of 12 2. ſeconds in the ſemi- 
duration ; and this difference will be of the ſame denomination as the 
former, if the vertical paſſes between the orbit,of Venus and the circle 
of latitude on the Sun's diſc. ey 

In the latitude of 56 in America , the ingreſs and egreſs happening 
about 65* from the meridian, the angle of the vertical with the circle 
of declination will: be 30% 38“. In the evening we find the angle of the 
vertical with the orbit to be 135 17; the parallax of longitude 17. 50, 
its effect in time 3 minutes 22 ſeconds; the effect of the parallax of 
latitude, of a contrary denomination, 41 27” : and thence 55 ſeconds 
for the acceleration of the ingreſs. For the egreſs next morning, we 
have 10 5; 59' for the angle of the vertical with the orbit; 24. 03 of 
longitudinal parallax, in time 4 minutes 50 feconds ; the effect of the 
parallax of latitude 1 minute 44 ſeconds of time, of a contrary deno- 
mination, The egreſs therefore falls later by 3 minutes 6 ſeconds, and 
the total effect of the parallaxes increaſes the time of the tranſit by 
4 minutes 1 ſecond. | 

Towards the mouth of the Ganges, in latitude 22, ſuppoſing the 
middle of the tranſit to be at noon, the ingreſs and egrefs. will fall 
3 hours 20 minutes diſtance from it : and thence the angle of the yer- 


* I imagine the place here meant is Port- Nelſon in North America. But I have 
already ſhewn (pag. 26.) that obſervations would anſwer no purpoſe at that place, becauſe 
the end of the tranſit will not be ſeen there. Moreover, the ſouthern parallax of Venus 
in latitude will contract the duration of the tranſit as much at Port-Nelſon as her parallax 
in longitude will prolong it. So that the loſs would balance the advantage, even if both 
the beginning and end of the tranſit were viſible at that place. 


tical 


wen 


% 
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tical with the meridian will be 79* 3 5, that of the vertical and orbit in 


the foaregoon 2 5 6' the effect of the parallax of longitude 4 minutes 
24 ſeconds, that of the parallax of latitude 1 minute 39 ſeconds, and 
conſequently the ingreſs will be retarded by 6+minutes 3 ſeconds. In 
the afternoon, the angle of the vertical and orbit is 4 14; the vertical 
falling not between the orbit and circle of latitude ; fo that the effect of 
the parallax of longitude, which is 4 minutes 50 ſeconds, is diminiſhed 
17 ſeconds by the parallax of latitude, The egreſs therefore is acce- 
lerated by 4 minutes 33 ſeconds ; and the total diminution of the time 
of the tranſit is 10 minutes 36 ſeconds *. 5 

It may be difficult to ſend obſervers to 6 hours, or go degrees diſtance 
to the eaſt or weſt of the meridian of Paris; but it may do tolerably 
well if they go to Pondichery or Madras, and better ſtill if an Aſtro- 
nomer takes his ſtation in the more northern parts of America ; or at 
leaſt in the dominions of Rxf/ia or Sueden, beyond the polar circle; 
that both the beginning and the end of the tranſit may be ſeen from 
two very diſtant places. I i 
The countries which our calculus points out, as the moſt advan- 
tageouſly ſituated for this purpoſe, are, the one in 110 degrees of lon- 
gitude, not far from the tropic; the other in 290 degrees of longitude, 
and above 60 degrees of latitude. For, although my numbers give 12 


for the latitude in which the ingreſs and egreſs may be firſt ſeen, to 
there would be truſting too much to a calculation. We have indee 
few places properly ſituated, but the northern coaſts of Hudſon's Bay, 
the weſtern coaſts of Bafjin's Bay, Reprul/e Bay diſcovered in 1742, and 
ſome coaſts almoſt entirely unknown.—It is pity that we cannot puſh on 
to the polar circle, by the north of Canada But by good luck, what- 
ever — in the frigid zone, and in the Indies, our Aſtronomers 
chooſe to obſerve in, there will ſtill be ſome minutes of time for the 
effect of the parallax; to determine which, this is the fineſt oppor- 
tunity that can be defired. . 3 
In our latitude of Paris I found the angle of the vertical with 
Venus's orbit 62* 32', the parallax of altitude 17",44 ; the parallax 
perpendicular to the orbit 15".47 ; the, parallax in the orbit 8.05 : the 
effect of the firſt is 4 minutes 8 ſeconds, that of the ſecond 2 minutes 
1 ſecond ; fo that there remains 1 minute 7 ſeconds for the retardation 


lt is plain that M. De la Lande here reckons the whole duration of the tranſit to be 

from the moment when Venus firſt touches the Sun's eaſtern limb to the moment of 

her total exit from his weſtern; otherwiſe, the whole effect of the parallaxes could 

— be ſo great as he makes it; fince he ſuppoſes the Sun's horizontal parallax to be 
y 10”, = 3 | 


_- a 
1 | | 


** 
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of the egreſs of Venus's N at Paris, cauſed by the parallax. The 
foremoſt ſemidiameter o nus, as ſeen from the Earth's enter, 
would take 12 minutes 8.3 ſeconds to move off the Sun's diſc ; and at 
Paris the parallax adds to this time 12.6 ſeconds. The hindmoſt ſemi- 
diameter would require 11 minutes 50.7 ſeconds, to which the paral- 
lax adds 10.8 ſeconds. And therefore, from the interior contact to the 
egreſs of the center, there are 12 minutes 20.9 ſeconds, and from this 
to the total egreſs, 12 minutes 1.5 ſeconds. Every ſecond of Venus 
takes 19.187 ſeconds of time to clear itſelf of the Sun's diſc; but if her 
heliocentric latitude ſhould be only 4” more than we have ſuppofed it; 
the groom latitude would be increaſed 10“; and the time of the 
egreſs would be increaſed by 15.6 ſeconds. And the ſame way, one 
| ſecond of heliocentric latitude would produce a difference of 53.6 ſeconds 
in the duration of the tranſit, 0 | 
In the foregoing calculations it is ſuppoſed that the logarithm of the 
Sun's diſtance from the Earth is 5.006663 ; that of Venus's diſtance 
from the Sun 4.861192 ; the Sun's diurnal motion 57 21.3"; that 
of Venus, 39 31“; Venus's diurnal geocentric motion in latitude 
14' 9g”; the true inclination of her orbit 3 53 20”; the apparent in- 
clination referred to the Sun's center computed as at reſt, 8 30“ 10", 
which gives the apparent inclination with reſpect to the fixed ſtars 
20 40. The aberration of Venus in this obſervation will be 1.4 in 
latitude, and 37 in longitude; it will increaſe her apparent longitude, 
and diminiſh her latitude. | 
Next to the obſervations of the ingreſs and egreſs; the moſt im- 
portant is that of the neareſt diſtance of the centers of Venus and the 
Sun; which, at Paris, will happen about 6 in the morning: the 
Heliometer will be the beſt inſtrument for this purpoſe. When 
this diſtance is known, it will be eaſy to find the true geocentric lati- 
tude at the time of conjunction. The logarithm of this latitude, 
reduced to ſeconds, being added to the conſtant logarithm o. 8280, 
gives the logarithm of the node's diſtance; and the diſtance of the 
node taken from 2* 15 37 33”, gives the true place of the node. 
This method is more exact and ſure than thoſe which authors have 
uſed. _.- | | 
As to the other ſituations of Venus, one may meaſure the dif- 
ferences of her right aſcenſion and of her declination, her dif- 
- fierent altitudes and azimuths, or her neareſt diſtance from the Sun's 
I mb. If one had only a plain perſpective glaſs, it might be 
employed uſefully, by fixing a circle of card-paper to it, and 
hanging a plummet between the paper and the perſpective. * 


* 
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che Sun being thus thrown on the paper in a darkened room, will 
give the diſtance of Venus from the vertical, and from the Sun's 

To conclude, another tranſit of Venus is expected on the 3d of 
June 1769. That and this were computed by M. Le Gentil 
(Mem. de J Acad. 1753). But after this tranſit of 1769, 105 years 


muſt elapſe before we can expect to ſee the like phenomenon. 80 
far Mr. De la Lande. 


This gentleman's calculation of ' the paſſage of Venus over the 
Sun in June 1761, as we have it in the Cannoiſſance des Temps, is 
as follows. | 


| H. M. 8. 
June 6. The geocentric conjunction of Venus and the Sun at 6 25 30 
in the morning, their common longitude being n 15˙ 37 33” 
Venus's center, ſeen from the Earth's center, enters the Sun's diſc at 2 55 27 
The neareſt diſtance of their centers, as ſeen from the Earth's center: 
(9 © =. — — 
he beginning of the egreſs, as ſeen from the Earth's center 
as ſeen from Paris — 
Venus's center on the Sun's limb, as'ſeen from the Earth's center 
g as ſeen from Paris 
Total egreſs, as ſeen from the Earth's center — 
as ſeen from Paris 


39. 23 
O 1 


Sees 
— 
— 
* 
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Deduct ꝙ minutes 20 ſeconds from the above time of the geocentric 
conjunction of the Sun and Venus at Paris, and there will remain 
VI hours 16 minutes 10 ſeconds for the time thereof at London; which 
is almoſt half an hour later than the time as given by Dr. Harrev's 
Tables, (See pag. 27.) from which the above author ſays he made 
his calculations. He mentions his taking in the new elements af 
aberration and nutation, but as theſe elements can make only a very 
ſmall and inconſiderable difference as to the time, and can by no 
means make the ending of the tranſit" to be later as ſeen from Paris 
than as ſeen from the Earth's center, he muſt have fallen into a. 
conſiderable miſtake in ſome part of his calculation. 
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Mr. FERGUSON's Lectures 
2 | 


Mecnanics, HyprosTaTICs, PNEUMATICS, 
| and ASTRONOMY. 


Lxor. I.] HE mechanical powers explained ſingly. 1. By the 
| lever. 2. By * wheel and axle. y By the pulley. 
4. By the inclined plane. 5j. By the wedge. 6. By the ſcrew.— And 
then by a machine in which they arc all combined together. — A working 
model of a moſt curious crane explained. A new pyrometer and me- 
"allinc thermometer explained, {= | „ 
Lor. II.] The center of gravity, and line of direction, ex- 
plained.— The utility of broad wheels in land- carriages demon- 
ſtrated.— The abſurdity of the common way of loading the waggons 
proved. —The ſtructure of water-mills and hand-mills explained by 
working models.—'The method of driving the piles at Vgſminſter- 
_—_ ſhewn by a model of the curious engino made uſe of for that 
purpoſe. 
1 Lzxcr, III.] The motion and preſſure of fluids deſeribed.— That 
wood may be made to fink, and lead to ſwim in water, ſhewn by 
experiment, — That any 2 of a fluid, how ſmall ſoever, may be 
made to balance any other quantity of a fluid, how great ſoever, 
proved. — That the quantity of water diſplaced by a ſhip is equal to 
the weight of the ſhip, and all that is in it, proved. —The working of 
4 the Tantalus's cup, the fountain at command, and the cauſe 
of intermitting ſprings, explained. 
Lect. IV.] The method of finding the ſpecific gravities of bodies 
ſhewn ; and to diſcover thereby whether any piece of metal be genuine 
or counterfeit, —The operations of the ſucking and forcing pumps 
ſhewn.— A triple pump-mill working by horſes, a quadruple pump- 
mill working by water, and the Perfion wheel for raiſing water, ſhewn. 
+ i LECT, 
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LxcrT. V and vi] The natore dhd-propdſs of «ir der ated 
a great variety of experiments on the air- pump and win 
TEES VII.] On the uſe of the globes, and e, kind 'of 

an e with the general graunds of e 1 

EecrT. VIII.] The general properties of mat Aſcribed, ne * 
centripetal and centrifugal forces of bodies moving in aan all - 
plained. — The laws by which the planets move, and are ined, ut 
in their orbits, confirmed by ſeveral experiments on the ling= 
table. The motions of the Sun and Earth round their common center. * 
of gravity, and the motions of the Earth and Moon round their com- * 
mon center of gravity, ſhewn.—The doctrine of the tides, and the 
cauſe of their riſing equally high at the ſame time, on oppoſite ſides of 2 
the Earth, made evident to ſight. —The diurnal and annual motions | 4 £400 þ 
of the Earth demonſtrated. 

Lect. IX.] The great benefits arifing from the knowledge of 
Aſtronomy, with reſpect both to our religious and to our civil con- 
cerns.—The order, diſtances, magnitudes, and revolutions of the Sun 
and planets, ſhewn by the OnrBRY.— The Cometerium deſcribed, - 

Lect. X.] The different lengths of days and nights, and the, 
viciflitudes of ſeaſons, ſhewn.— The amazing ſwiftneſs of light demon- . 
ſtrated.— The method of finding the longitude by the ape of 
Jupiter's ſatellites explained. KB 

Lect. XI.] The motions and phaſes of the Moon hen "ond exe 
plained. —The harveſt-moon accounted for. 

LzcT. XII.] The Earth proved to be much bigger than the Moon, | * 
and much leſs than the Sun. The doctrine of eclipſes explained, and 7 
all their variety ſhewn by machinery. — The year of our SAVIOUR'S cru- 


cifixion aſcertained, and the darkneſs at that time Joon to be out of 
the common courſe of nature. * | 


4 


ADVERTASEMENT. 


Any gentleman, in or near London, may have the above oourſs of® F 
lecture read at his houſe, for twelve guineas, or any ſingle lecture for 
one guinea, over ànd above the charge of carrying the apparatus. 

Or, if twenty perſons ſubſcribe à guinea each, they may have 
the whole courſe read, any where in London, or within ten miles of 23 | 
it.— Greater diſtances require larger ſubſcriptions. * 

Mr. FRG uso teaches the uſe of the globes in a month, attending | 


k. a 


one hour every day (Sunday excepted) for two guineas at home ; or four N 
guineas abroad, if not more than a mile from his houſe, Thoſe wins. * 2 
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erte vn 
dei Peer abroad globes for themſelves. — He alſo teaches 
1. 1 


ſcale and compaſſes, the con ion of 
maps, the pojcc rojetian of the ſphere, the principles of dialin the 
© calcylation of ne AA full moons and eclipſes; on the ſame” 
His ASTRONOMICAL RoTULA, ſhewing the day of the month, 
and change of the Moon, the places of the Sun and Moon in 
** Je Moon's latitude at all times, together with the times of 
Nt ſes of the Sun and Moon, from A. D. 1752 to 1800 ; he 
fell: for five ſhillings and ſixpence. | | 
. And his LuMINARIUM, a ſmall inſtrument (about the ſize of a 
common card) ſhewing all the problems of the above Rotula, except 
the times of eclipſes and the Moon's latitude, he ſells for two 
ſhillin | 
Theſe two inſtruments are to be had of the Author only, at his 
houſe in Red-Lion-Court, Fleet-Street : but his other works are ſold by 
Mr. Millar, Bookſeller in the Strand; viz. 
1. ASTRONOMY explained upon Sir 1ſaac Newton's principles, and 
made eaſy to thoſe who have not ſtudied mathematics. Price bound 
eighteen ſhillings. 
2. LECTURES on ſelect ſubjects in mechanics, hydroſtatics, pneu- 
matics, and optics ; with the uſe of the globes, the art of dialing, 
and the calculation of the mean times of new and full moons and 
eclipſes. Price bound ſeven ſhillings and ſixpence. 
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